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SUMMARY 

Method 2 o u t l i n e s  a procedure f o r  determining s t a c k  5’2s 

v e l o c i t y  and volumetric flow r a t e  from s t a t i o n a r y  sources.  A 

Type S ( s tausche ibe  o r  r eve r se )  p i t o t  tube or  a s tandard p i t c t  
tube  meeting t h e  c r i t e r i a  i n  Sec t ion  3 .1 .1 ,  c a l i b r a t e d  according 
t o  t h e  procedures ou t l ined  i n  Sec t ion  3.1.2, and operated i n  
accordance wi th  Sect ion 3.1.4 i s  used t o  measure v e l o c i t y  pres- 
s u r e  (Ap); t h i s  p ressure  measurement, along with gas dens i ty ,  is 
used t o  determine t h e  s t a c k  gas v e l o c i t y .  

I f  t he  minimum c r i t e r i a  of Method 1 are not  m e t  o r  i f  I5e 
measurement s i t e  has a swi r l ing  o r  cyc lonic  gas stream, t h e  pra- 
cedures  ou t l ined  i n  Method 2 f o r  s t a c k  gas  ve loc i ty  and volu- 
metric flow r a t e  determination are n o t  appl icable .  When unzc- 
cep tab le  flow condi t ions e x i s t  , a l t e r n a t i v e  procedures such as 
t h e  use of f low-straightening devices  o r  s t a c k  extensions must 5e 

employed a s  necessary t o  make accu ra t e  flow r a t e  determinat iors .  
These a l t e r n a t i v e  procedures a r e  subject t o  approval by t h e  ad- 
minis  t r a t o r  . 

The Method Descr ipt ion which follows is  based on t h e  Refer- 
ence Method published August 18, 1977. A complete copy of the 
Reference Method i s  contained i n  Sec t ion  3.1.10. Data forms Ere 
provided i n  Sec t ion  3 .1 .12  for  the convenience of t h e  Handbook 
u s e r .  Reference 1 was used ex tens ive ly  i n  preparing t h e  Metkod 
Descr ipt ion and t h e  da ta  forms. References 2 ,  3 ,  4 1  and 5 sun- 
marize co l l abora t ive  tests conducted t o  determine t h e  usefulness  
and accuracy of t h i s  method. 
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METHOD HIGHLIGHTS 

Section 3 .1  descr ibes  spec i f ica t ions  fo r  determination of 
s tack gas ve loc i ty  and volumetric flow r a t e  from s t a t iona ry  
sources.  The sampling apparatus cons i s t s  of a p i t o t  tube and 
a d i f f e r e n t i a l  pressure gauge. Stack gas ve loc i ty  and volumetric 
f low r a t e  can be determined i n  conjunction w i t h  o ther  EPA Re-  

ference Methods ( i - e . ,  Method 5 )  i f  t he  sampling components are  
mounted i n  an interference-free manner. 

The  r e s u l t s  of col laborat ive tests have shown t h a t  t h e  pre- 
c i s i o n  of t h i s  t es t  method is adequate fo r  use with o ther  t es t  

- -  methods i n  determining po l lu t an t  emission r a t e s ;  co l labora t ive  
tests a l so  showed t h a t  t he  method i s  not  subjec t  t o  l a rge  b iases  

The blank data  forms a t  t h e  end of the  h ighl ights  s e c t i o n  
may be removed from the Handbook and used i n  the  p r e t e s t ,  tes t ,  
and p o s t t e s t  operat ions.  Each form has a s u b t i t l e  ( e . g . ,  
Method 2 ,  Figure 2 . 4 )  t o  a s s i s t  the  user  i n  f inding a s imi l a r  
f i l l e d - i n  form i n  the Method Descr ipt ion (e .g . ,  i n  S e c t i o n  
3 .1 .2) .  On t h e  blank and f i l l e d - i n  forms,  the items/parameters 
t h a t  can cause the  most s i g n i f i c a n t  e r r o r s  a re  indicated with an 
a s t e r i s k .  
1. Procurement of Equipment 

Sect ion 3.1.1 (Procurement of Apparatus and Suppl ies)  gives  
the spec i f i ca t ions ,  c r i t e r i a ,  and design fea tures  f o r  equipment 
and mater ia ls  required f o r  performing Method 2 tests. The sam- 
p l ing  apparatus can be used i n  conjunction with sampling equip- 
ment required f o r  other  methods such as  Methods 5 and. 8 pre- 

from one u s e r  t o  another. 2,5 

sented i n  t h i s  Handbook. This s ec t ion  i s  designed as a guide i n  
the  procurement and i n i t i a l  check of  eauipnient and sugpJlies. The 

1 

a c t i v i t y  matrix (Table 1.1) a t  the  end 
used a s  a quick reference;  it follows 
wri t ten  descr ip t ion  i n  the  main t e x t .  

of Section 3.1.1 can be 
the  same order  as the  
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2. Pretest Preparations 
Section 3.1.2 (Calibration of Apparatus) provides a step- 

by-step description of the required calibration procedures. 
Detailed methods and equipment are described for calibrating 
pitot tubes in the laboratory and in the field. The calibration 
section can be removed and compiled, along with calibration sec- 
tions from all other methods, into a separate quality assurance 
reference manual for use by calibration personnel. A pretest 
checklist (Figure 3.1) or similar form should be used to sum- 

marize the calibration data. 
Section 3.1.3 (Presampling Operations) provides the tester 

with a guide for supplies and equipment preparation for field 
tests. The pretest preparation form (Figure 3.2) can be used as 
an equipment checkout and packing list. The method for packing 
and the description of packing containers should help to protect 
the equipment, but are not required. 
3 .  On-Site Measurements 

/ 

- 

t 

Section 3.1.4 (On-Site Measurements) contains a step-by-step 
procedure for performing velocity measurements. Precautions must 
be taken to ensure that the pitot tube is aligned with the stack 
gas flow. Also a check for cyclonic flow must be made. The 
on-site measurement checklist (Figure 4.2) is provided to assist 
the tester with a quick method of checking requirements. 
4. Posttest Operations 

Section 3.1.5 (Postsampling Operations) gives the posttest 
equipment check procedures. Figure 5.1 or a similar form should 
be used to summarize the posttest calibration checks, and should 
be included in the emission test report. 

Section 3.1.6 (Calculations) provides the tester with the 
required equations, nomenclature, and the suggested number of 
significant digits. It is suggested that a programmed calculator 
be used if available to reduce the chance of calculation error. 

Section 3.1.7 (Maintenance) provides the tester with a gui,de 
This profim is not required, for a routine maintenance program. 

but should reduce equipment malfunctions. 

I 
I 
I 
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5 .  Auditinq Procedure 
Sec t ion  3.1.8 (Auditing Procedure) provides  a d e s c r i p t i o n  

of necessary a c t i v i t i e s  f o r  conducting performance and system 
a u d i t s .  The performance a u d i t s  of the  d a t a  processing and a 
systems a u d i t  of t h e  o n - s i t e  measurements should provide the  
independent assessment of the q u a l i t y  of  d a t a  needed. 

Sec t ion  3.1.9 (Recommended Standards f o r  Es t ab l i sh ing  
T r a c e a b i l i t y )  recommends t h e  primary s tandards  t o  which the 

working s tandards  should be t r a c e a b l e .  
6 .  References 

Sect ions 3.1.10 and 3.1.11 con ta in  t h e  Reference Method and 
the  suggested re ferences .  
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PRETEST SAMPLING CHECKS 
(Method 2, Figure 3.1) 

Date Completed by 

Pitot Tube 

I denti f ication number Date\ 

Dimension specifications checked?* Yes no 

Calibration required? Yes no 

Date C P 

Temperature Sensor 

Identification number 

Calibrated?* Yes no 

Was a pretest temperature correction used? Yes no 
If yes, temperature correction OC ( O F )  

Barometer 

Was the pretest field barometer reading correct?* - yes 

Differential Pressure Gauge 

no 

Was pretest calibration acceptable?* Yes no 

I 

*Most significant items/parameters to be checked. 



Apparatus check dy 
No 

~ -_ 
P i t o t  Tube 

T y p e  S 

Standard 

Length m ( f t  

Cal ibrated* 

Loaded 
and packed 

D i f f e r e n t i a l  
P r e s s u r e  Gauqe 

Inc l ined  manom- 
eter s e n s i t i v i q  

c m  ( i n . ;  

Other 

Stack Temperature 
Sensor 

Calibrated* 

Orsa t  Analyzer 

Orsa t  

F y r i t e  

Other 
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PRETEST PREPARATIONS 
(Method 2 ,  Figure 3 . 2 )  

Quant i ty  
r equ i r ed  - 

RE 
Y e s  

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
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ON-SITE MEASUREMENTS CHECKLIST 
(Method 2 ,  Figure 4 . 2 )  

S amp1 inq  

P i t o t  t ube ,  l i n e s ,  and manometer assembled correct ly?* 

P i t o t  tube and components mounted i n  an in te r fe rence  f ree  man- 

Di f f e ren t i a l  pressure gauge has co r rec t  s ens i t i v i ty?*  

ner?* 

Di f f e ren t i a l  pressure gauge leveled and zeroed?" 

Pretest  leak check? (opt iona l )  Cyclonic flow checked?* 

P i t o t  tube p a r a l l e l  t o  gas flow?* 

S t a t i c  pressure measured? Temperature measured? 

Moisture content determined? Method 

~ 

O r s a t  samples taken? If no, explain:  

P o s t t e s t  leak check performed?* (mandatory) 

Data recorded properly? 

*Most s ign i f i can t  items/parameters t o  be checked. 

I 

I 
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POSTTEST SAMPLING CHECKS 
(Method 2 ,  Figure 5 . 1 )  

P i t o t  Tube 

I n i t i a l  p i t o t  t u b e  c o e f f i c i e n t  
Was p i t o t  tube damaged p r i o r  t o  s t a r t  of  any tes t  runs? Yes 

no --- 
I f  yes ,  was p i t o t  tube c a l i b r a t e d  p r i o r  t o  r epa i r ?*  Yes - no 

( t h i s v a l u e  must P i t o t  tube c o e f f i c i e n t  (damaged) 
be used f o r  runs s t a r t e d  wi th  t h e  damaged p i t o t  t ube )  

Temperature Sensor 

Was a p r e t e s t  temperature c o r r e c t i o n  used? Y e s  no 
I f  yes ,  temperature c o r r e c t i o n  OC ( O F )  (w i th in  1.5% 

~~ of readings i n  K (OR) over ranqe)  
Average s t ack  temperature of  compliance t es t  ( T  ) K (OR) 

Temperature of s t a c k  thermometer f o r  r e c a l i b r a t i o n  K (OR) 

Temperature of re ference  thermometer o r  s o l u t i o a  f o r  r e c a l i b r a -  

Difference between r e fe rence  and s t a c k  thermometer temperatures  

Do vafues  agree wi th in  f1.5%?* Y e s  no 

t i o n *  K (OR) 

(AT 1 K ( O R )  

I f  yes ,  no c o r r e c t i o n  necessary f o r  c a l c u l a t i o n s  
I f  no, c a l c u l a t i o n s  must be done twice, once with recorded,  
va lues  and once with average s t a c k  temperature co r rec t ed  t o  
correspond t o  r e fe rence  temperature d i f f e r e n t i a l  (AT ) .  Both 
va lues  of f i n a l  r e s u l t s  must then  be r epor t ed  s i n c e  she re  is no 
way t o  determine which is c o r r e c t  

Barometer 

Was p r e t e s t  f i e l d  barometer lreading c o r r e c t ?  Yes no 
P o s t t e s t  comparison 

Hg of mercury-in-glass barometer) 
Was r e c a l i b r a t i o n  requi red?  Yes no 

I f  yes ,  no c o r r e c t i o n  needed when f i e l d  barometer has t h e  lower 
reading 
I f  mercury-in-glass reading i s  lower, s u b t r a c t  t h e  d i f f e r e n c e  
from t h e  f i e l d  d a t a  readings  f o r  t h e  c a l c u l a t i o n s  

mm { i n . )  Hg (wi th in  f 5 . 0  mm ( 0 . 2  i n . )  

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
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1 . 0  PROCUREMENT O F  APPARATUS AND SUPPLIES 
Figure 1.1 shows a diagram of t h e  Type S p i t o t  tube-manom- 

e ter  assembly used i n  t h i s  method. S p e c i f i c a t i o n s ,  c r i t e r i a  and/ 
o r  app l i cab le  design f e a t u r e s  a r e  given i n  t h i s  s e c t i o n  t o  a i d  i n  
t h e  s e l e c t i o n  of  equipment which w i l l  produce accura te  d a t a .  
S e l e c t i o n  procedures and app l i cab le  l i m i t s  f o r  acceptance checks 
a r e  a l s o  inc luded .  During procurement of equipment and s u p p l i e s ,  
it i s  suggested t h a t  a procurement log  (F igure  1 . 2 )  be used t o  
record  t h e  d e s c r i p t i v e  t i t l e  of equipment; t h e  i d e n t i f i c a t i o n  
number, i f  app l i cab le ;  and t h e  r e s u l t s  of  t h e  acceptance check. 
A l s o ,  if c a l i b r a t i o n  i s  requi red  a s  p a r t  o f  t h e  acceptance check, 

1.1 a t  t h e  end of t h i s  s e c t i o n  con ta ins  a summary of q u a l i t y  
assurance a c t i v i t i e s  f o r  procurement and acceptance of apparatus  
and s u p p l i e s .  
1.1 P i t o t  Tube 

A Type S p i t o t  tube shown i n  Figure 1.1 is requi red .  The 
p i t o t  tube should be cons t ruc ted  of metal  tub ing  ( e . g . ,  304 o r  
316 s t a i n l e s s  s tee l )  with an e x t e r n a l  t ub ing  diameter ( D t )  be- 
tween 0.48 and 0.95 c m  (3/16 and 3/8 i n . ) .  The major c r i t e r i a  i n  
p i t o t  tube  cons t ruc t ion  ma te r i a l  a r e  d u r a b i l i t y  and co r ros ion  
r e s i s t a n c e .  Upon r ece iv ing  a new p i t o t  tube ,  i n s p e c t  it t o  
determine i f  it was cons t ruc ted  according t o  t h e  conf igu ra t ion  i n  
Figure 1 .3 .  Repair,  r ep lace ,  o r  r e t u r n  t o  t h e  manufacturer any 
Type S p i t o t  tube  which does n o t  meet t h e  f a c e  opening s p e c i f i c a -  
t i o n s  o u t l i n e d  i n  Figure 1 . 4 .  One method of inspec t ing  t h e  con- 
s t r u c t i o n  d e t a i l s  i s  a s  follows: 

1. Obtain a s e c t i o n  of angle  aluminum approximately 20  c m  
(8  i n . )  long by 1 .3  x 2 . 5  c m  ( 0 . 5  x 1 . 0  i n . ) .  Mount a b u l l ' s  eye 
level ( w i t h  *lo accuracy) t o  t h e  angle  aluminum, a s  shown i n  
Figure 1 .5 .  

2 .  P l ace  t h e  p i t o t  t u b e  i n  t h e  angle  aluminum a s  shown in 
F i g u r e  1.5, and l e v e l  t h e  p i t o t  tube a s  i n d i c a t e d  by t h e  b u l l ' s  

~~ t h e  d a t a  a r e  t o  be recorded i n  t h e  c a l i b r a t i o n  log  book. Table 
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1.90-2.54 CM I 
(0.7 5- 1 .041N. lo 4 

( 3  I N . )  
TEMPERATURE SENSOR 

I FLEXIBLE TUBING 

& I I *  

TYPE S 

TT t 
GAS FLOW 

+L - DISTANCE TO FURTHEST SAMPLING 
POINT PLUS 30 CM (12  I N . )  

*hPITOT TUBE - TEMPERATURE SENSOR SPACING 

4 IN.) 

Figure 1.1 Type S p i t o t  tube-manometer assembly. 
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A-SIDE PLANE 

NOTE : -. 

LONGITUDINAL - - .-]-- 1 . 0 5  Dt< P c1.50 D t  
TUBE A X I S  PA = PB 

I- >.-. 

B -S IDE PLANE 0.48 CM 5Dt  5 0.95 CM 
(3/16 I N . )  (3/8 I N . )  

I 

TRANSVERSE 
TUBE AXIS i 

. -- 4. 
FACE 4 

OPENING 

( a )  END VIEri 

Figure 1.3. Properly constructed Type S pitot tube, shown in: 
(a) end view; face opening planes perpendicular to transverse 
axis; (b) top view; face operiing planes parallel to longitudinal 
axis; (c) side view; both legs of equal length and centerlines 
coincident, when viewed from both sides. Baseline coefficient 
values of 0.84 may be assigned to pitot tubes constructed this 
way. 
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! I  \ I  

TRANSVERSE 
TUBE A X I S  

I-- 

LONGITUDINAL 
TUBE A X I S  

.. 

Figure 1.4. Types of face-opening misalignment that can r e s u l t  
from field use or improper construction of Type S pitot tubes. 
These will not affect Cp so long as a1 and a2 <loo, f3, < 5 O ,  
z ( 0 . 3 2  cm (1/8 in.) and ~ ( 0 . 0 8  cm (1/32 in.). 

( ,'I ,' 
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eye level. A vise may be used to hold the angle aluminum and 
pitot tube. Note: A permanently mounted pitot tube and probe 
assembly may require a shorter section of angle aluminum to allow 
proper mounting on the assembly. 

3 .  Place a degree indicating level in the various posi- 
tions, as illustrated in Figure 1.6. 

4. 
5. 

- 

Measure distances Pa and Pb' 
Measure the external tube diameter (Dt) with a microm- 

Calculate dimensions w and z using the following equa- 
eter. 

tions: 

Record all data on a data form such as Figure 1.7. 
6. 

z = A sin y 

w = A sin 0 

where , ~~ - 

Equation 2-1 
Equation 2-2 

z = alignment dimension, cm (in. ) 
w = alignment dimension, cm (in.) 
A = distance between tips, (Pa + Pb), cm (in.) 
y = angle in degrees 
0 = angle in degrees. 

Note: Pitot tubes with bent or damaged tubing may be difficult 
to check using this procedure. If the Type S pitot tube meets 
the face alignment criteria, an identification number should be 
assigned and permanently marked or engraved on the body of the 
tube. 

A standard pitot tube (Figure 1.8) may be used instead of a 
Type S for conducting velocity traverses. Upon receiving a new 
standard pitot tube, inspect it to determine if it meets the fo l -  
lowing design criteria: 

The tip is of the hemispherical (shown in Figure 1.8), 
ellipsoidal, or conical design. 

There is a minimum of six diameters straight run (based 
upon D1, the external diameter of the tube) between the tip and 
static pressure holes. 

1. 

2.  



c DEGREE I N D I C A T I N G  L E V E L  P O S I T I O N  
FOR D E T E R M I N I N G  B 1  and 8 2  

DEGREE I N D I C A T I N G  L E V E L  
P O S I T I O N  FOR D E T E R M I N I N G  
a1 and a2 

1-1 

Figure 1.6 Position of dimension measurement. 
(continued) ro; 

u 1 .  
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P i t o t  tube assembly leve l?  /' yes no 

P i t o t  tube openings damaged? yes (explain below) / no 

= 2 . 5  O (<loo), ci2 = 0.8 O (<loo), p ,  = 0.0 O ( < 5 O ) ,  

= 95 O ( < 5 O )  82 

z = A s i n  y = Co.053) c m  ( i n . ) ;  (0.32 c m  (<1/8 i n . ) ,  

w = A s i n  8 = [ O . d J 4 c )  cm ( i n . ) ;  (0.08 c m  (<1/32 i n . )  

(0.961) 

= l 0 . 2 8 9 )  c m  ( i n . )  Dt 

cm ( i n .  ) 'b c m  (in.) 

Comments : 

Calibrat ion required? no 

Figure  1 . 7  Type S p i t o t  tube inspect ion data  form. 
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SECTION AA 
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CURVED OR 
MITERED JUNCTION I 90' BEND 

MANOMETER 

I 

F i g m e  1 . 8  

HOLES 

IN OUTSIDE 

HEMISPHERICAL TIP 

INNER TUBE ONLY 
IMPACT OPENING- 

Standard p i t o t  tube des ign  s p e c i f i c a t i o n s .  
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3.  There i s  a minimum of  e i g h t  diameters  s t r a i g h t  run 
between t h e  s t a t i c  pressure  ho le s  and t h e  c e n t e r l i n e  of t h e  
e x t e r n a l  tube,  following t h e  90' bend. 

4. The s t a t i c  pressure  holes  a r e  of  equal  s i z e  (approxi- 
mately 0 . 1  D ) ,  equa l ly  spaced i n  a piezometer r i n g  conf igura t ion .  

5. I t  has a 90' bend, w i t h  curved o r  mitered junc t ion .  
Repair,  rep lace  o r  r e t u r n  t o  t h e  manufacturer any s tandard p i t o t  
tube which does n o t  meet t h e  above c r i t e r i a .  
1 . 2  D i f f e r e n t i a l  P res su re  Gauge 

A l i q u i d - f i l l e d  i n c l i n e d  manometer o r  an equiva len t  device 
should be used t o  measure t h e  v e l o c i t y  head. Most preassembled 
sampling t r a i n s  a r e  equipped wi th  a 10-in.  (water column) i n -  
c l i n e d - v e r t i c a l  manometer t h a t  has 0.01-in. d i v i s i o n s  on t h e  
0-to-1-in. i nc l ined  s c a l e  and 0.1-in.  d i v i s i o n s  on the  1-to- 
10-in. v e r t i c a l  s c a l e .  This type manometer ( o r  o t h e r  gauge of 
equ iva len t  s e n s i t i v i t y )  i s  s a t i s f a c t o r y  f o r  measurements of Ap 
va lues  a s  low as 1 . 3  mm ( 0 . 0 5  i n . )  H20 .  However, a gauge of 
g r e a t e r  s e n s i t i v i t y  ( e . g . ,  wi th  6 .4  mm (0 .25  i n . )  H20  f u l l  s c a l e )  
i s  requi red  f o r  s t acks  with v e l o c i t y  p r e s s u r e s  below 1.3 mm 
(0 .05  i n . )  H20. 

Upon r e c e i p t  of  a new manometer, l e a k  check it using t h e  
fol lowing procedure: 

1. Level and zero t h e  manometer. 
. 2 .  Vent both s i d e s  of  t h e  manometer t o  t h e  atmosphere. 

3 .  Place tygon tubing,  o r  equ iva len t  on t h e  p o s i t i v e  l e g  
of t h e  manometer, and blow into t h e  tub ing  t o  d i sp l ace  t h e  l i q u i d  
t o  a t  l e a s t  30% of s c a l e .  

4 .  Close o f f  t h e  open end of t h e  tub ing ,  and observe t h e  
manometer f o r  1 5  s .  I f  t h e r e  i s  no change i n  t h e  reading, t h e  
p o s i t i v e  s i d e  of t h e  manometer i s  l e a k  f r e e .  

5 .  Repeat s t e p s  3 and 4 f o r  t h e  nega t ive  s i d e  of t h e  man- 
ometer, b u t  u s e  suc t ion  t o  produce the manometer reading. 

Repair,  rep lace ,  o r  r e t u r n  t o  t h e  manufacturer any manometer 
which does not  pass  t h e  leak  check. 

I 
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I f  d i f f e r e n t i a l  p r e s s u r e  gauges o t h e r  than  i n c l i n e d  mano- 
meters a r e  used ( e . g . ,  magnehelic o r  e l e c t r o n i c  gauges) ,  c a l i -  
b r a t e  t h e  gauges upon r e c e i p t  u s ing  t h e  procedure i n  S e c t i o n  
3.1.2. 
1 .3  Temperature Gauqe - 

A thermocouple, l i q u i d - f i l l e d  bulb  thermometer, o r  o t h e r  
means capable  o f  measuring temperature  t o  wi th in  1 .5% of t h e  
minimum a b s o l u t e  s t a c k  temperature  i s  r equ i r ed .  Upon r e c e i p t ,  
check t h e  temperature  gauge f o r  damage, and then  c a l i b r a t e  it 
according t o  t h e  procedure i n  Sec t ion  3.1.2. 
1 .4  P res su re  Probe and Gauge 

Leak-free t u b i n g  and a mercury-or w a t e r - f i l l e d  U-tube manom- 
e te r  capable  of measuring s t a c k  p r e s s u r e  t o  w i t h i n  2 . 5  mm ( 0 . 1  

-~ i n . )  Hg i s  r equ i r ed .  The s t a t i c  t a p  o f  a s t anda rd  type p i t o t  
tube  o r  one leg of a Type S p i t o t  t ube  w i t h  t h e  face openings 
p o s i t i o n e d  p a r a l l e l  t o  t h e  gas flow may a l s o  be used a s  t h e  
p r e s s u r e  probe. The d i f f e r e n t i a l  p r e s s u r e  gauge used f o r  ve loc-  
i t y  measurements can be used t o  measure s t a t i c  p r e s s u r e -  

Upon r e c e i p t  of a U-tube manometer, l e a k  check according t o  
t h e  procedure i n  Subsect ion 1 . 1 . 2 .  
1 . 5  Barometer 

A mercury, ane ro id ,  o r  o t h e r  barometer capable  o f  measuring 
atmospheric p r e s s u r e  t o  w i t h i n  2 . 5  mm ( 0 . 1  i n . )  Hg i s  r e q u i r e d .  
Upon r e c e i p t  of a new barometer,  check it a g a i n s t  a mercury-in- 
g l a s s  barometer o r  t h e  e q u i v a l e n t .  I f  t h e  barometer cannot  be 
ad jus t ed  t o  agree  w i t h i n  2 . 5  mm ( 0 . 1  i n . )  Hg of t h e  reference 
barometr ic  p r e s s u r e ,  it should be  r e t u r n e d  t o  t h e  manufacturer .  
1 . 6  G a s  Analyzer 

To analyze gas composition f o r  de te rmining  d r y  molecular  
weight of  t h e  gases  from combustion o r  o t h e r  unknown streams,  u s e  
Method 3 .  For processes  e m i t t i n g  e s s e n t i a l l y  a i r ,  use  a d r y  
molecular weight of 29.0 .  U s e  Method 4 or Method 5 for moisture 
con ten t  de te rmina t ions .  
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1 .7  Cal ibra t ion  P i t o t  Tube 
Standard type, t o  c a l i b r a t e  t he  Type S p i t o t  tube. The 

standard type p i t o t  tube should have a known coe f f i c i en t  obtained 
from t h e  National Bureau of Standards (NBS), Route 70 S ,  Quince 
Orchard Road, Gaithersburg, Maryland, o r  the  standard p i t o t  t ube  
must be ca l ib ra t ed  aga ins t  another  s tandard p i t o t  tube  with an 
NBS-traceable coe f f i c i en t .  A l t e rna t ive ly ,  a standard p i t o t  tube 
designed according t o  the c r i t e r i a  given i n  Subsection 1.1.1 and 
i l l u s t r a t e d  i n  Figure 1.8 may be used. B e  sure t o  inspec t  t h e  
s tandard type p i t o t  tube f o r  any damage upon r ece ip t .  
1.8 Di f f e ren t i a l  Pressure Gauqe 

An inc l ined  manometer o r  equiva len t  i s  used f o r  Type S p i t o t  
tube ca l ib ra t ion .  This  should be an e a s i l y  readable, s e n s i t i v e  I 

gauge f o r  laboratory use. I f  t h e  s ing le-ve loc i ty  c a l i b r a t i o n  ~~ 

technique i s  used (Sect ion 3 .1 .2  ) , t he  c a l i b r a t i o n  d i f f e r e n t i a l  
p ressure  gauge should be readable  t o  t h e  nea res t  0 .13 mm (0.005 

i n . )  H20. For mul t ive loc i ty  c a l i b r a t i o n s ,  the gauge s h a l l  be 
readable t o  t he  nea res t  0 .13 mm (0 .005  i n .  ) H20 f o r  Ap va lues  
between 1.3 and 25 mm (0 .05  .and 1 . 0  i n . )  H20, and t o  the nea res t  
1.3 mm (0.05 i n . )  H20  f o r  Ap values  above 25 mm (1 .0  i n . )  H20 .  A 

spec ia l ,  more s e n s i t i v e  gauge w i l l  be requi red  t o  read Ap va lues  
below 1.3 mm (0.05 i n . )  H20.  Visual ly  check and leak check t h e  
c a l i b r a t i o n  d i f f e r e n t i a l  p ressure  gauge upon r ece ip t .  
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS 

App a r a  t u s  

All appa ra tus  

P i t o t  tube  
(Type S o r  
e q u i v a l e n t )  

D i f f e r e n t i a l  
p r e s s u r e  
gauge 

~~ 

Tempe r a t  u r e  
gauge 

P res su re  probe 
and gauge 

-- 
C a l i b r a t i o n  

p i t o t  tube  

~~ ~~ ~ 

Ca l i b r a  t i o n  
d i f f e r e n t i a l  
p r e s s u r e  
gauge 

Acceptance l i m i t s  

No v i s i b l e  damage 

See F igs  1.3 and 1 . 4  
f o r  acceptance l i m i t s  

No l eaks  

- - ~  
Capable of measuring 
temperature wi th in  1.5% 
of minimum abso lu te  
s t a c k  temperature 

Capable o f  measuring 
s t a c k  p res su re  wi th in  
2 .5  mm Hg ( 0 . 1  i n . )  
Hg; no leaks  

Meet design s p e c i f i -  
c a t i o n s  with known 
c o e f f i c i e n t  from 
NBS, o r  s ee  Sec 1.1 

No l e a k s ;  s i n g l e  p o i n t -  
capable  o f  measuring Ap 
t o  wi th in  0.13 mm 
(0.005 i n . )  H 0; mul t i -  
p o i n t  readable  wi th in  
0 . 1 3  mm (0.005 i n . )  
H 0 f o r  Ap va lues  be- 
tween 1.3 and 25 mm 
(0.05 and 1 .0  i n . )  and 
t o  n e a r e s t  1 .3  mm 
(0.05 i n . )  H20 f o r  Ap 
va lues  >25 mm (110 i n . ) ;  
s p e c i a l  s e n s i t i v i t y  f o r  
va lues  c1.3 mm (0.05 
i n . )  H 2 0  

2 

2 

Frequency and method 
of measurement 

Visual  check when 
pur c ha s ed 

Measure dimensions 
and al ignment;  
i d e n t i f y  upon 
r e c e i p t  

- 

When purchased,  
v i s u a l l y  i n s p e c t  
and l e a k  check 

C a l i b r a t e  according 
t o  S e c t i o n  3 . 1 . 2  

Visual  i n s p e c t i o n  
and l e a k  check 

Visual  check 

Visual  check and 
l e a k  check 

Action i f  
requirements 
a r e  n o t  m e t  

Return t o  
s upp l i e  r 
immediately 

Do no t  use 
i f  al ignment 
i s  n o t  wi th in  
l i m i t s ;  r epa i r  
o r  r ep lace  

Adjust o r  re- 
t u r n  t o  sup- 
p l i e r  

Return t o  
s u p p l i e r  o r  
r e p a i r  

~ 

Adjust t o  
c o r r e c t  f o r  
e r r o r ,  o r  re -  
t u r n  t o  sup- 
p l i e r  

Return t o  
supp 1 i er  

Repair  o r  
r ep lace  
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2.0 CALIBRATION OF APPARATUS 
Calibration of apparatus is one of the most important func- 

tions in maintaining data quality. The detailed calibration 
procedures in this section are designed for the equipment speci- 
fied by Method 2 and described in the previous section. A labo- 
ratory log book of a l l  calibrations must be maintained. 
Table 2.1 at the end of this section summarizes the quality 
assurance activities for calibration. 
2.1 Type S Pitot Tube 

A pitot tube that meets the face opening specifications in 
Section 3.1.1 (Figures 1.3 and 1 .4 )  and that has the following 
dimensions--external tubing diameter (Dt) between 0.48 and 0.95 
ern (3/16 and 3/8 in.) and PA and PB equal and between 1.05 and 
1.50 Dt--either may be assigned a baseline (isolated tube) coef- 
ficient value of 0.84 or may be calibrated. Note, however, that 
if the pitot tube is mounted on a probe thermocouple assembly and 
if the components of the assembly do not meet the interference 
free criteria in (Subsection 2.1.1), calibration will be required 
despite knowledge of the baseline coefficient value. 

If Dtt PA, and PB are outside the specified limits, the 
pitot tube must be calibrated as outlined in Subsection 2 . 1 . 2 .  

2.1.1 Pitot Tube Assemblies - Interference-free assemblies--that 
is, pitot tubes mounted with a temperature sensor, probe, and 
nozzle--are shown in Figures 2.1 and 2.2. When the pitot tube 
meets the previously described dimensions and specifications and 
i s  mounted according to the specifications in Figures 2.1 and 
2.2, no calibration is required and the baseline (isolated tube) 
coefficient of 0.84 may be used. Dimensions of the pitot tube - 
probe sampling assembly must be carefully measured with an in- 
ternal caliper or a steel machinist's rule. 
Note: Only pitot tubes constructed of 0.48 to 0.95 cm (3/16 to 
3/8 in.) tubing can be used in interference-free assemblies. All 
other assemblies must be calibrated. 

~- 

-. 
', 

7 - 7 ,  ? '  
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in.) 

( a )  BOTTOM VIEW: SHOWING MINIMUM PITOT-NOZZLE SEPARATION. . .  

I 

T I C  PRESSURE 
‘OPENING 

I 
SAMPLING NOZZLE 

SAMPLING PROBE 

IMPACT PRESSURE 
OPENING 

I 
I 

‘-I-’ NOZZLE OPENING 

(b) S I D E  VIEW: TO PREVENT P I T O T  TUBE FROM I N T E R F E R I N G  W I T H  
GAS FLOW STREAMLINES APPROACHING THE NOZZLE, THE IMPACT 
PRESSURE OPENING PLANE OF THE P I T O T  TUBE SHALL BE EVEN 
W I T H  OR DOWNSTREAM FROM THE NOZZLE ENTRY PLANE 

Figure 2.1 Required pitot tube-sampling nozzle configuration 
to prevent aerodynamic interference; buttonhook-type nozzle; 
centers of nozzle and pitot opening aligned; in respect to flow 
direction, Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.). 

! 
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THERMOCOUPLE I/ 1 
I I  I . ,  . AZ > 1.90cm 
I 1 1  . 

TYPE S PITOT TUBE 

SAMPLE PROBE 

(314 i n .  

OR 

2 2 5 . 0 8  all 

I ( 2  i n . ) (  
L.- 4 
I I 

THERMOCOUPLE I I > 
C?- I 

TYPE 5 PITOT TUBE 

SAMPLE PROBE 

F i g u r e  2 . 2  Required thermocouple  and probe placement  t o  p r e v e n t  
i n t e r f e r e n c e :  Dt between 0 . 4 8  and 0 . 9 5  cm (3/16 and 
3/8 i n . ) .  
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2.1.2 Cal ibra t ion  Se tup  - A t es t  se tup  fo r  c a l i b r a t i n g  t h e  
p i t o t  tube can be constructed i n  the labora tory  from a s t r a i g h t  
s e c t i o n  of d u c t  t h a t  i s  1 0  t o  1 2  duc t  diameters long, a s  shown 
i n  Figure 2 . 3 .  The diameter of a c i r c u l a r  duc t  must be a t  l e a s t  
30.5 c m  ( 1 2  i n . ) ,  and t h e  width ( s h o r t e r  s ide)  of a rectangular  
d u c t  of the same area must be a t  l e a s t  25.4 c m  (10  i n . ) .  For a 
rec tangular  c ross  sec t ion ,  an equiva len t  c i r c u l a r  diameter calcu-  
l a t e d  from the  following equation should be used t o  determine the 
requi red  minimum length.  

- 2 L W  
De - (L + W) Equation 2-1 

where 
De = equivalent  diameter, 
L = length of one side o f  duct ,  and 
W = width of o ther  side of duc t  
To ensure s t a b l e ,  f u l l y  developed flow pa t t e rns  a t  t he  c a l i -  

b r a t i o n  s i t e  o r  a t  t he  " tes t  s e c t i o n f t t  t h i s  s i te  must be loca ted  
a t  l ea s t  e igh t  diameters downstream and two diameters upstream 
from any flow disturbance such a s  a bend, change i n  c ross  sec- 
t i o n ,  fan ,  o r  opening. 

The e ight -  and two-diameter c r i te r ia  a r e  no t  absolute ,  and 
other  t e s t  sec t ion  loca t ions  may be used ( sub jec t  t o  approval of 
t he  admin i s t r a to r ) ,  provided t h a t  the  flow a t  the  t e s t  s i te  i s  
s t a b l e  and p a r a l l e l  t o  the duct  a x i s .  This  may be achieved 
by us ing  flow s t r a igh tene r s .  

The f l o w  system should generate  a test  sec t ion  ve loc i ty  of 
about 915 m/min (3000 ft /min);  t h i s  v e l o c i t y  must be cons tan t  
with t i m e  t o  guarantee s teady flow during ca l ib ra t ion .  T y p e  S 

p i t o t  tube coe f f i c i en t s  obtained by s ing le -ve loc i ty  ca l ib ra t ion  
a t  915 m/min (3000 ft/min) w i l l  genera l ly  be v a l i d  t o  within 23% 
f o r  t h e  measurement of  v e l o c i t i e s  above 305 m/min (1000 ft /min) 
and t o  within 26% f o r  those between 180 and 305 m/min (600  and 
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1000 f t / m i n ) .  A more p r e c i s e  c o r r e l a t i o n  between C and v e l o c i t y  
P 

can be obtained i f  a t  l e a s t  four  d i s t i n c t  velocit ies ranging from 

Two en t ry  ports--one each f o r  the s tandard and f o r  t h e  
Type S p i t o t  tubes--should be c u t  i n  the  t e s t  s e c t i o n ,  a s  shown 
i n  Figure 2 . 4 .  The  s tandard  p i t o t  e n t r y  p o r t  should be s l i g h t l y  
downstream of the Type  S p o r t ,  so  t h a t  t h e  s tandard and Type  S 

impact openings w i l l  l i e  i n  the same c ross - sec t iona l  plane dur ing  
c a l i b r a t i o n .  The exac t  d i s t a n c e  between openings depends on t h e  
s tandard  p i t o t  tube diameter. To f a c i l i t a t e  alignment of the 
p i t o t  tubes during c a l i b r a t i o n ,  the  t e s t  s e c t i o n  should be con- 
s t ruc ted  of p las t ic  o r  some t r a n s p a r e n t  ma te r i a l .  

A permanently mounted manometer should be provided near  t h e  
c a l i b r a t i o n  s i te .  P l a s t i c  t ub ing  and two-way va lves  w i l l  faci-  
l i t a t e  connecting the manometer t o  the  p i t o t  tubes and i n  
switching from one p i t o t  tube t o  another .  P i t o t  tube ho lde r s  
should be used t o  maintain t h e  alignment and loca t ion  of each 
p i t o t  tube during c a l i b r a t i o n .  
2 . 1 . 3  Ca l ib ra t ion  Procedure - One l e g  of t h e  Type S p i t o t  tube 
should be marked w i t h  an and the  o t h e r  with a "B.II To 
ob ta in  c a l i b r a t i o n  d a t a  f o r  bo th  the  A and B s i d e s ,  proceed a s  
follows: 

1. Clean and fill the  manometer w i t h  c l ean  f l u i d  of  the 
proper dens i ty .  Inspec t  and leak check a l l  p i t o t  l i n e s  and 
f i t t i n g s ;  r e p a i r  o r  r ep lace  i f  necessary.  

180 t o  1525 m/min (600 t o  5000 f t /min)  are  used. 7,a 

2 .  Assemble t h e  appara tus ,  as shown i n  Figure 2 . 4 .  
3 .  Level and zero t h e  i n c l i n e d  manometer. Turn on the 

fan,  and allow the flow t o  s t a b i l i z e .  Seal  the Type S e n t r y  p o r t  
w i t h  duc t  tape.  

4.  Pos i t i on  the s tandard  type  p i t o t  tube near t h e  c e n t e r  
of t h e  duct ,  and s e a l  t he  e n t r y  p o r t  w i t h  d u c t  t ape  o r  o t h e r  
means. Check t o  be su re  t h a t  the  p i t o t  tube  i s  properly a l igned  
and perpendicular  t o  the duc t .  

I 

, 



e SET SCREW 

TYPE S 
PITOT TUBEJ 

Figure 2.4 P i t o t  tub.e calibration set-up. 
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5 .  Adjus t  t h e  f an  speed o r  in take  a rea  t o  g ive  a d e s i r e d  
v e l o c i t y  head, a s  measured by t h e  s tandard p i t o t  tube ,  and r e c o r d  

on a form such a s  Figure 2 .5 .  Check t h e  reading aga in ;  Apstd 
withdraw t h i s  p i t o t  tube;  and seal the  opening. 

I n s e r t  
t h e  Type  S tube ,  and l o c a t e  t he  t i p  a t  t h e  same p o i n t  i n  t h e  d u c t  
a s  t h a t  measured by t h e  s tandard  tube.  

7 .  Align t h e  Type S tube  with l e g  A fac ing  d i r e c t l y  up- 
stream. Alignment o f  t h e  p i t o t  t u b e  along t h e  r o l l  and p i t c h  
axes i s  best  accomplished by v i s u a l l y  a l ign ing  it a g a i n s t  t h e  
duc t .  Seal t h e  e n t r y  p o r t  with a rag o r  duc t  tape.  Figures 2 . 6  
and 2 . 7  i l l u s t r a t e  t h e  magnitude and c h a r a c t e r i s t i c s  of measure- 
ment e r r o r s  i n  C a s soc ia t ed  with varying degrees of nonalignment 
on t h e  r o l l  (yaw) and p i t c h  axes,  r e spec t ive ly .  

Read and record  t h e  v e l o c i t y  head, Ap, i n  Figure 2 . 5 .  
Remove t h e  Type S tube  from t h e  duc t ,  and disconnect  t h e  manom- 
e te r .  

9 .  Repeat s t e p s  4 through 8 above u n t i l  t h r e e  se t s  of  

1 0 .  Repeat t h e  complete procedure wi th  l e g  B of t he  Type S 

f o r  11. Calcula te  t h e  Type S p i t o t  tube c o e f f i c i e n t ,  C 

6 .  Connect t h e  Type S p i t o t  tube  t o  the manometer. 

P 

8. 

v e l o c i t y  head measurements a r e  obtained. 

p i t o t  tube f a c i n g  upstream. 

each set  of measurements, using Equation 2-2. 
P ( W  

= c  P W  C Equation 2-2 

where 
= Type S p i t o t  tube  c o e f f i c i e n t ,  
= s tandard  p i t o t  tube  c o e f f i c i e n t  (use  0.99 if 

c o e f f i c i e n t  i s  unknown and tube  is  designed 
according t o  guide l ines  i n  Sec t ion  3.1.1) 

c m  ( i n . )  H20, and 

c m  ( i n . )  H,O. 

P W  
C 

C P ( s t d )  

= v e l o c i t y  head measured by t h e  s tandard p i t o t  tube, APstd 

Aps = v e l o c i t y  head measured by t h e  Type S p i t o t  tube,  

\ 

L , 
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( I  

C a l i b r a t i o n  p i t o t  tube: type 5 s i z e  (OD)  -qjg I D  number F!:-f - 
= 0 3 9  p ( s t d )  C Type S p i t o t  tube  I D  number 3 f  

Cal ib ra t ion :  d a t e  s& F / ,  1 /9 7 9  performed by H- bkdud 

A-Side Ca l ib ra t ion  
I -17. 

B-Side C a l i b r a t i o n  
I I 

- E ( m u s t  be - < 0 . 0 1 )  P W  P '  
b~~~ = c 
ep(A) - E ( B )  = 0 (must be - < 0 . 0 1 )  

i '2 \ 

P 
Figure 2 . 5  P i t o t  tube c a l i b r a t i o n  d a t a .  
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0. DEGREES 

Figure 2.6 Example of error in measured stack gas velocity as a 
function of tube misalignment along its roll axis (yaw). 

I 

! 

-80 -60 -40 -20 0 +20 +40 +60 +80 

$, DEGREES 

Figure 2.7 Example of error in measured stack gas velocity as a 
function of tube misalignment along its pitch axis. 
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1 2 .  Calculate c ( A )  and ( B ) ,  the  average A-side and 
B-side coef f ic ien ts ,  and the  difference between these t w o  
averages. 

values of C 

value of C 

P P 

13. Calculate the deviat ion of each of the  three A-side 
from ( A ) ,  and the  deviat ion of each B-side 

P ( S )  P 
from e ( B ) ,  us ing Equation 2-3. 

P(S) P 

- E ( A  o r  B ) .  Equation 2-3 
P ( S )  P 

Deviation = C 

14 .  Calculate s ,  the  est imated standard deviat ion of the 
deviat ions from the mean f o r  both the  A and B s ides  of the  p i t o t  
tube using Equation 2-4. 

Use t h e  Type S p i t o t  tube assembly only i f  the  values of  s f o r  
both A and B a r e  - < 0 . 0 2  and i f  t he  absolute  value of  the d i f f e r -  
ence between ( A )  and ( B )  i s  (0.01. 

P P 
2 . 1 . 4  Special  Cal ibrat ion Considerations - The p i t o t  tube-probe 
assembly may block a s i g n i f i c a n t  p a r t  of t he  flow i n  ducts (91 cm 
(36 i n . )  i n  diameter. This blockage, i n  t u r n ,  a f f e c t s  the  p i t o t  
tube ca l ib ra t ion  f ac to r .  To check f o r  any blockage e f f e c t s ,  use 
the  following procedure: 

1. Make a projected-area model of  the  p i t o t  tube assembly 
with the  Type S p i t o t  tube impact opening posi t ioned a t  the  
center  of t he  duct (Figure 2 . 8 ) .  This model represents  the  
approximate "average blockage" of t he  duct  cross  sec t ion  during 
ca l ib ra t ion  o r  during a sample t raverse .  Although t h e  ac tua l  
blockage w i l l  be less than t h i s  f o r  sample poin ts  close t o  the  
near s tack wall  and more than t h i s  f o r  po in ts  c lose  t o  t h e  f a r  
wall ,  the  model approximates t h e  average condi t ion.  

2 .  Calculate the t h e o r e t i c a l  average blockage by taking 
the r a t i o  of t h e  projected area of  t he  probe sheath t o  t h e  c ross  

- 



NOTE: A PITOT TUBE ASSEMBLY WITH 
NO EXTERNAL SHEATH IS SHOWN. 

I THEORETICAL 
BLOCKAGE 

= [  L x W  
DUCT AREA 

Figure 2.8. Projected-area model fo r  sampling of small 
ducts w i t h  pitot tube  assemblies. 

]x 100. 
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s e c t i o n a l  a r e a  of t he  d u c t  ( u s e  c o n s i s t e n t  u n i t s  of measure),  and 
mul t ip ly  by 1 0 0 .  I f  t h e  t h e o r e t i c a l  blockage i s  e i t h e r  ‘ 2 %  f o r  
an assembly wi th  an e x t e r n a l  shea th  o r  ‘3% f o r  an assembly w i t h -  
o u t  an e x t e r n a l  shea th ,  t h e  decrease i n  C w i l l  be (1% and no 
adjustment i n  t h e  p i t o t  tube c o e f f i c i e n t s  w i l l  be necessary.  I f  
t h e  t h e o r e t i c a l  blockage exceeds t h e s e  va lues ,  apply a c o r r e c t i o n  
f a c t o r ,  a s  shown i n  Figure 2 . 9 .  During c a l i b r a t i o n ,  t he  blockage 
effect  can be minimized by keeping t h e  p i t o t  tube approximately 
halfway between t h e  near  s i d e  wal l  and t h e  c e n t e r .  
2 . 1 . 5  Reca l ib ra t ion  - Afte r  each f i e l d  use,  t h e  i s o l a t e d  p i t o t  
tubes  m u s t  be c a r e f u l l y  examined and t h e i r  dimensions checked, as  
s p e c i f i e d  i n  Sec t ion  3.1.1.  I f  damaged, a t u b e  must e i t h e r  be 
r e p a i r e d  t o  conform with t h e  acceptab le  dimenqions o r  be d i s -  
carded. P i t o t  tube assembly dimensions must  a l s o  be c a r e f u l l y  
checked. I f  t h e  component spacings have no t  changed and i f  
alignment is i n t a c t ,  t h e  assembly may be reused with t h e  same 
c o r r e c t i o n  f a c t o r .  I f  t h e  spacings have changed, e i t h e r  r e s t o r e  
t h e  o r i g i n a l  spacing o r  r e c a l i b r a t e .  N o  c o r r e c t i o n  t o  t h e  f i e l d  
d a t a  i s  r equ i r ed  f o r  runs t h a t  were s t a r t e d  with acceptab le  p i t o t  
tubes .  I f  t h e  p i t o t  tube is damaged, it may be replaced us ing  an 
i n t e r f e r e n c e - f r e e  spacing,  a s  shown i n  Sec t ion  2 . 1 ;  o therwise,  
t h e  assembly should be r e c a l i b r a t e d .  

Standard p i t o t  tubes  need n o t  be r e c a l i b r a t e d .  I f  t h e y  a re  
damaged, they  should be replaced.  
2 . 2  S t a c k  Temperature Sensor 

The s t a c k  temperature sensor  should be c a l i b r a t e d  upon 
r e c e i p t  o r  checked before  f i e l d  use.  Each sensor  should be 
uniquely marked f a r  i d e n t i f i c a t i o n .  The c a l i b r a t i o n  should be 
performed a t  t h r e e  p o i n t s  and then  ex t r apo la t ed  over t h e  range of 
temperatures a n t i c i p a t e d  during a c t u a l  sampling. For t h e  t h r e e  
p o i n t  c a l i b r a t i o n ,  a re ference  mercury-in-glass thermometer 
should be used. 

The fol lowing procedure is recommended f o r  c a l i b r a t i n g  s t a c k  
temperature senso r s  (thermocouples and thermometers) f o r  f i e l d  

- 
- 

P 

11 use D 



Section N o .  3 .1 .2  
Revision No.  0 
Date January 15, 1980 
Page 14 of 2 1  

USE FOR ASSEMBLIES W I T H  
EXTERNAL SHEATH / 

0 0.99 0.98 0.97 0.96 0.95 

CORRECTION FAC”0R FOR PITOT TUBE COEFFICIENT 

Figure 2 . 9  Adjustment of  Type S p i t o t  tube coef f ic ien ts  t o  
account f o r  blockage e f f e c t s  in duc t  (91 c m  i n  
diameter - 
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1. For t h e  i c e  p o i n t  c a l i b r a t i m ,  form a s l u s h  from 
crushed ice  and l i q u i d  water ( p r e f e r a b l y  de ionized ,  d i s t i l l e d )  i n  
an i n s u l a t e d  vesse l  such a s  a Dewar f l a s k .  

Taking c a r e  t h a t  they  do n o t  touch t h e  s i d e s  of the  f l a s k ,  
i n s e r t  t h e  s t a c k  temperature sensor  i n t o  t h e  s l u s h  t o  a depth o f  
a t  l e a s t  2 i n .  Wait 1 min t o  achieve thermal equi l ibr ium, and 
record  t h e  readout  on t h e  potent iometer .  Obtain t h r e e  readings 
taken  i n  I-min i n t e r v a l s .  Note: Longer times may be requi red  
t o  a t t a i n  thermal equi l ibr ium with thick-sheathed thermocouples. 

2 .  F i l l  a l a r g e  Pyrex beaker wi th  water  t o  a depth - > 4  i n .  
P lace  seve ra l  b o i l i n g  ch ips  i n  t h e  water ,  and b r ing  the  water to 
a f u l l  b o i l  using a hot  p l a t e  a s  t h e  h e a t  source.  I n s e r t  the  
s t a c k  temperature s e n s o r ( s )  i n  t h e  b o i l i n g  water t o  a depth o f  at 
l e a s t  2 i n . ,  t ak ing  c a r e  no t  t o  touch t h e  s i d e s  o r  bottom of the  
beaker .  

Alongside t h e  sensor (  s ) ,  an ASTM re fe rence  thermometer 
should be placed.  I f  t h e  e n t i r e  l e n g t h  of t h e  mercury s h a f t  i n  
t h e  thermometer cannot be immersed, a temperature  co r rec t ion  w i l l  
be r equ i r ed  t o  give t h e  c o r r e c t  r e fe rence  temperature .  

A f t e r  3 min, both instruments  w i l l  a t t a i n  thermal e q u i l i b -  
rium. Simultaneously record  temperatures  from t h e  ASTN r e fe rence  
thermometer and t h e  s t a c k  temperature sensor  t h r e e  times a t  1-min 
i n t e r v a l s .  

3 .  For thermocouple, r e p e a t  S tep  2 w i th  a l i q u i d  t h a t  has 
a b o i l i n g  p o i n t  (such a s  cooking o i l )  i n  t h e  150' - 250°C (300 '  - 
500°F\ range. Record a l l  da t a  on Figure 2-10. For thermometers, 
o t h e r  than  thermocouples, r e p e a t  Step 2 with a l i q u i d  t h a t  
b o i l s  a t  t h e  maximum temperature t h a t  t h e  thermometer i s  t o  be 
used,  or p l ace  t h e  s t a c k  thermometer and r e f e r e n c e  thermometer i n  
a furnace  o r  o the r  device t o  reach  t h e  r equ i r ed  temperature.  
Note: I f  t h e  thermometer i s  t o  be used a t  temperatures higher 
than  t h e  re ference  thermometers will r eco rd ,  t h e  s t a c k  thermom- 
e ter  may be c a l i b r a t e d  w i t h  a thermocouple p rev ious ly  c a l i b r a t e d  
with t h e  above procedure. 
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Date AyquJT a, /979 Thermocouple number /b 
Ambient temperature a/ .  / OC Barometric pressure 29. #3 in. Hg 

Calibrator ,&!&,- Reference: mercury-in-glass ,&STN a C 

Reference 
pointa 
number 

. 

b Source 
( spec i fy)  

/it.+: L. \,! ;,. + I- 

Reference 
thermometer 
temperature, 

OC 

other 

Thermocouple 
potentiometer 
temperature, 

OC 

/ 'L' c, 

0 
C. i . C C, 

Every 3 O o C  (50OF) for each reference point. a 

bType of calibration system used. 

Temperaturec 
difference , 

% 

0.5 7 c 

(ref temp, OC + 273)  - (test thermom temp, OC + 273) 
ref temp, OC + 273 I -  

Figure 2.10 Stack temperature sensor calibration data form. 
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4.  If t h e  absolu te  temperature values  of t h e  r e fe rence  
thermometer and thermocouple(s) agree within kl.5% a t  each of t h e  
th ree  c a l i b r a t i o n  po in t s ,  p l o t  t h e  da t a  on l i n e a r  graph paper and 
draw t h e  b e s t - f i t  l i n e  between t h e  po in t s  o r  ca l cu la t e  t he  l i n e a r  
equation using t h e  leas t - squares  method. The data  may be ex t rap-  
o l a t ed  above and below the c a l i b r a t i o n  poin ts  and cover the 
e n t i r e  manufacturer s suggested range fo r  t he  thermocouple. For 
t he  po r t ion  of  t h e  p l o t  o r  equat ion t h a t  agrees within 1.5% of 
the  absolute  re ference  temperature,  no co r rec t ion  need be made. 
For a l l  o the r  po r t ions  t h a t  do n o t  agree within f1.5% use the  
p l o t  o r  equation t o  c o r r e c t  t h e  da t a .  

I f  the absolu te  temperature values  of t h e  re ference  t h e r -  
mometer and stack temperature sensor  (o the r  than the  thermo- 
couple) agree within Ll.5% a t  each of t h e  three po in t s ,  t h e  
thermometer may be used over t h e  range of c a l i b r a t i o n  po in t s  f o r  
t e s t i n g  without applying any co r rec t ion  f a c t o r .  T h e  da t a  cannot  
be ex t rapola ted  ou t s ide  t h e  c a l i b r a t i o n  po in t s .  
2 . 3  Barometer 

The f i e l d  barometer should be  ad jus ted  i n i t i a l l y  and be fo re  
each t e s t  series t o  agree  wi th in  2 . 5  mm ( 0 . 1  i n . )  Hg of t h e  m e r -  
cury-in-glass barometer o r  t h e  s t a t i o n  pressure  value repor ted  by 
a nearby National Weather Service s t a t i o n  cor rec ted  for e leva-  
t i on .  The co r rec t ion  f o r  e l eva t ion  d i f fe rence  between t h e  weath- 
e r  s t a t i o n  and sampling po in t  should be applied a t  a rate of 
- 2 . 5  mm ( 0 . 1  i n . )  Hg/30 rn (100 ft). Record the results on t h e  
p r e t e s t  sampling check form o r  on a s imi l a r  form, as shown i n  
Section 3.1.3.  

2 . 4  D i f f e r e n t i a l  Pressure  Gauge 
Di f f e ren t i a l  pressure gauges o the r  than  inc l ined  manometers 

must be c a l i b r a t e d  i n i t i a l l y ,  and t h e i r  c a l i b r a t i o n  must be 
checked after each tes t  series. Cal ib ra t e  and check the d i f f e r -  
e n t i a l  p ressure  gauge us ing  the  following procedure: 

manometer, as  i l l u s t r a t e d  i n  Figure 2 .11 .  

1. Connect t he  d i f f e r e n t i a l  p ressure  qauge t o  a gauge-oil 
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DIFFERENTIAL PRESSURE 
GAUGE 

TO PRESSURE SOURCE OR 
VENTED TO ATI13SPHERE 

VENTED TO A 1 1  I 

MANOMETER 

Figure 2.11 Differential pressure gauge check. 

,~ 
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2.  Vent the  vacuum s i d e  t o  t h e  atmosphere, and p lace  a 

3 .  Compare Ap readings of the d i f f e r e n t i a l  pressure gauge 
f' with those of the  gauge-oil manometer a t  a minimum of three  

poin ts  represent ing approximately the  range of Ap values t o  be 
encountered. Follow t he  same procedures on the  vacuum s ide  by 
vent ing t h e  pressure side t o  the atmosphere and by p u t t i n g  a 
vacuum on the system. 

4. The p o s t t e s t  ca l ib ra t ion  should be performed a t  the 
average Ap. If  the agreement i s  within k5% t h e  c a l i b r a t i o n  is 
acceptable;  i f  not ,  void the data  o r  consul t  the adminis t ra tor  t o  
determine acceptab i l i ty .  

5. Record the data  on a form such a s  Figure 2 . 1 2 .  I f ,  a t  
each point ,  the value of A p  as read by the  d i f f e r e n t i a l  pressure 
gauge and the  gauge-oil manometer agree within 5%, the  differen-  
t i a l  pressure gauge should be considered properly calibrated.  

' pressure on each system. 



.. . 
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Gauge type M!,/V€hdC Serial or ID number 0073 

Scale &/ If 

Gauge-oil manometer Ap 
Differential pressure 

gauge AP 

Pressure 
difference 

% 

Calibration: initial posttest 

Figure  2 -12 Differential pressure gauge calibration data form. 
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Table 2 . 1  ACTIVITY MATRIX FOR CALIBRATIQN OF APPARATUS 

Apparatus 

Type S p i to t  
tube and/or 
probe 
assembly 

Stack gas tem- 
perature 
measurement 
system 

Barometer 

Differential  
pressure 
gauge (does 
not include 
inclined 
manometers) 

Acceptance l imits  

A 1  1 dimension speci- 
f ications met, or 
calibrate according 
t o  Sec 3.1.2,  and 
moun t  in an interfer-  
ence free manner 

Capable of measuring 
within 1.5% of minimum 
stack temperature 
(absolute) 

Agrees within 2.5 mm 
( 0 . 1  in . )  Hg o f  
mercury-in-glass 
barometer 

Agree within +5% o f  
inclined manometers 

Frequency and method 
of measurement 

When purchased, use 
method i n  Secs 3 .1 .1  
and 3 .1 .2 ;  visually 
inspect a f t e r  each 
f i e l d  t e s t  

When purchased and 
a f t e r  each f i e ld  
t e s t ,  cal i brate 
against  ASTM 3C o r  
3F thermometer 

I n i t i a l l y  and a f t e r  
every f i e l d  use, 
compare t o  a liquid- 
in-glass barometer 

I n i t i a l l y  and a f t e r  
each f j e l d  use 

Action i f  
requirements 
are not met 

Do n o t  use 
p i to t  tubes 
that  do not 
meet face 
opening 
spec i f i ca- 
tions; re- 
pair o r  re- 
place as re- 
q u i  red 

Adjust  t o  
agree with Hg 
bulb thermom- 
e te r ,  o r  con- 
s t ruct  a cal- 
i brati on 
curve t o  cor- 
rect the 
readings 

Adjust, re- 
pair ,  or 
discard 

Reject t e s t  
resul ts ,  o r  
consult 
admi n i s t r a -  
t o r  i f  post- 
t e s t  cal i bra- 
tion i s  out 
of spec i f i - 
cat  i on 
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3 . 0  PRESAMPLING OPERATIONS 

The q u a l i t y  assurance a c t i v i t i e s  f o r  presampling prepara-  
t i o n s  a re  summarized i n  Table 3 . 1  a t  t h e  end of t h i s  s e c t i o n .  
See Sect ion 3 . 0  of t h i s  Handbook f o r  d e t a i l s  on prel iminary s i t e  
v i s i t s .  
3 . 1  Apparatus Check and C a l i b r a t i o n  

Figures 3 . 1  and 3 . 2  o r  s i m i l a r  forms a r e  recommended t o  a id  
t h e  t e s t e r  i n  recording c a l i b r a t i o n  d a t a  and i n  prepar ing  an 
equipment c h e c k l i s t ,  s t a t u s  form, and packing l i s t .  
3 .1 .1  Type S P i t o t  Tube and D i f f e r e n t i a l  Pressure Gauge - For 
t h e  Type S p i t o t  tube and i n c l i n e d  nanometer assembly i l l u s t r a t e d  
i n  Figure 1 . 2 ,  t h e  fol lowing checks should be made before  each 
f i e l d  t e s t .  

1. Visua l ly  i n s p e c t  t h e  p i t o t  tube openings f o r  damage 
such a s  a s c r a t c h ,  n ick ,  o r  den t  t h a t  would tend t o  d i s r u p t  the  
a i r  flow p a t t e r n .  Check f o r  proper  alignment; t h a t  i s ,  t h e  cen- 
t e r s  of t h e  two openings should be i n  a s t r a i g h t  l i n e  such t h a t  
when one opening i s  d i r e c t e d  upstream, t h e  o ther  w i l l  be exact ly  
180’ oppos i te ,  po in t ing  downstream. I f  t h e  damage o r  misa l ign -  
ment i s  obvious when v i s u a l l y  in spec ted ,  t h e  p i t o t  tube should be 
replaced o r  r epa i r ed .  Check t h e  weld s p o t s  holding t h e  two l egs  
toge the r ;  i f  broken, r e p a i r .  C a l i b r a t i o n  must  be checked a f t e r  
r e p a i r  if the p i t o t  tube does n o t  conform t o  s p e c i f i c a t i o n s .  

2 .  Check t h e  quick d isconnec ts  on t h e  p i t o t  tube and check 
t h e  connecting l i n e s  f o r  proper  o p e r a t i o n .  Clean t h e  small  metal 
p a r t s  of t h e  disconnect .  Lubr ica te  spar ingly  t o  help t o  keep 
them f r e e .  

3 .  Blow o u t  t h e  p i t o t  t ube  legs from t h e  l i n e  ends w i t h  
compressed a i r ,  r i n s e  w i t h  d i s t i l l e d  water  then with acetone,  and 
dry with compressed a i r .  

4 .  Visually i n s p e c t  the  d i f f e r e n t i a l  pressure gauge f o r  
damage. Repair o r  r ep lace  as  necessary.  Level t he  i n c l i n e d  
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Pitot Tube 

Identification number 3 4  Date A ! S C f J l  4 /979 
Dimension specifications checked?* L /  yes no 

Calibration required? Yes l /  no 

Date C 0.8+ 
P 

Temperature Sensor 

Identification number /6 
no Calibrated?" I/ Yes 

Was a pretest temperature correction used? Yes I/' no 
If yes, temperature correction OC (OF) 

Barometer 

Was the pretest field barometer reading correct?* d y e s  no 

Differential Pressure Gauge 
Was pretest calibration acceptable?* 1/ Yes no 

*Most significant items/parameters to be checked. 

Figure 3.1 Pretest sampling checks. 
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*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 3 . 2  Pretest prepa ra t ion  check. 
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manometer ( i f  used a s  t h e  d i f f e r e n t i a l  p re s su re  gauge) , and f i l l  
w i th  t h e  proper s p e c i f i c  g r a v i t y  f l u i d ;  t h i s  recommended f l u i d  i s  
u s u a l l y  inscr ibed  on t h e  manometer. Check f o r  l eaks ,  e s p e c i a l l y  
around t h e  f l u i d  level plunger and d r a i n  screws. Replace the 
f l u i d  level plunger o r  O-rings i f  l eaks  a r e  detected. Clean the 
manometer when it is  d i r t y  and change t h e  f l u i d  a t  any s i g n  of 
fading.  I f  o the r  d i f f e r e n t i a l  p re s su re  gauges a r e  used, follow 
the manufacturer ' s  check-out i n s t r u c t i o n s .  

5. Connect the  p i t o t  tube  and d i f f e r e n t i a l  p ressure  gauge 
wi th  the p i t o t  t ube  l i n e s .  Check f o r  obs t ruc t ions  by blowing 
l i g h t l y  on one p i t o t  tube leg  and then  the o the r ;  watch the 
responses of the gauge. A l s o  check f o r  l e a k s  by blowing i n t o  the  
downstream l eg ,  s e a l i n g  t h e  opening, and no t ing  any drop i n  the 
p res su re  gauge reading. Check the  upstream leg by drawing a 
s l i g h t  vacuum, sea l ing ,  and no t ing  the gauge. I f  there a r e  no 
l e a k s ,  the  gauge readings w i l l  remain cons t an t .  N o  change i n  the 
d i f f e r e n t i a l  p ressure  gauge reading  should occur.  

6 .  Check t h e  manometer f l u i d  r e s e r v o i r  f o r  proper ad jus t -  
ment. A standard 0-254 mm (0-10 i n . )  H20 manometer should be 
able t o  a d j u s t  f1.3 mm (0 .05  i n . )  H20. 
3 . 1 . 2  Temperature Measurement System - The following temperature 
gauge checks should be made before  each f i e l d  test:  

1. Visual ly  check the  readout  device, sensor ,  and i n t e r -  
connecting l i n e s  o r  wires a s  a p p l i c a b l e  f o r  general  appearance. 
I f  damage i s  detected, r e p a i r  o r  r e p l a c e  a s  necessary.  

2 .  Compare t h e  ambient temperature  readings made with t h e  
temperature measuring system t o  those  made wi th  a mercury-in- 
g l a s s  thermometer. I f  t he  system does n o t  agree within f4OC 
( t h i s  i s  less than kl.5% a t  about 293K, which i s  near room t e m -  
peratur:) o f  the thermometer, t h e  temperature measuring system 
should be c a l i b r a t e d  a s  directed i n  Sec t ion  3.1.2. Otherwise, 
record  the two readings i n  t he  c a l i b r a t i o n  log  book and d a t e  and 
i n i t i a l  t h e  e n t r i e s .  
3.1.3 Barometer - Check t h e  f i e l d  barometer reading aga ins t  t h a t  
of a mercury barometer. I f  they  disagree more than f 2 . 3  mm 

! 
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( 0 . 1  i n . )  of  mercury, a d j u s t  t h e  f i e l d  barometer u n t i l  it agrees  
with t h e  mercury barometer. Record t h e  two readings i n  t h e  c a l i -  
b r a t i o n  log  book; d a t e  and i n i t i a l  t h e  e n t r i e s .  
3 .2  Packing Equipment for Shipment 

The l o g i s t i c s ,  t i m e  of  sampling, and q u a l i t y  of d a t a  of any 

source t e s t i n g  method a r e  dependent upon t h e  packing of equip- 
ment i n  regards  t o  (1) a c c e s s i b i l i t y ,  ( 2 )  ease  of movement, and 
( 3 )  optimum funct ioning  of  measurement devices  i n  t h e  f i e l d .  
Equipment should be packed under t h e  assumption t h a t  it w i l l  
r ece ive  severe t rea tment  dur ing  sh ipping  and f i e l d  ope ra t ion .  
3 . 2 . 1  Type  S P i t o t  Tube - Pack t h e  p i t o t  tube i n  a case  pro- 
t e c t e d  by Styrofoam o r  o t h e r  s u i t a b l e  packing m a t e r i a l .  The 
case should have handles which can withstand h o i s t i n g  and should 
be r i g i d  enough t o  prevent  bending o r  t w i s t i n g  of t h e  p i t o t  tube 
dur ing  sh ipping  and handl ing.  
3 . 2 . 2  D i f f e r e n t i a l  P r e s s u r e  Gauge - Close a l l  va lves  on t h e  
p re s su re  gauge and pack it i n  a s u i t a b l e  case  f o r  shipment. 
Pack spare  p a r t s  such a s  O-rings and ope ra t ing  f l u i d  ( f o r  i n -  
c l i n e d  manometer). 
3.2.3 Temperature Measurement System - Proper packing of t h e  
temperature measuring systems depends on t h e  type o f  system used.  
In  gene ra l ,  t h e  sensor  and l eads  can be p ro tec t ed  from breakage 
o r  o t h e r  damage dur ing  shipment by secu r ing  them t o  t h e  p i t o t  
tube and enc los ing  them with s u i t a b l e  packing m a t e r i a l .  The 
readout  device ,  i f  detachable  from t h e  sensor ,  should be packed 
i n  a s e p a r a t e  packing case .  Check b a t t e r i e s  and inc lude  s p a r e s  
p r i o r  t o  shipment i f  app l i cab le .  
3.2.4 Barometer - The barometer should be packed i n  a shock- 
mounted ( s p r i n g  system) c a r r y i n g  case .  
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Table 3.1 ACTIVITY MATRIX FOR PRE-SAMPLING 

Acceptance l i m i t s  

1. No evidence o f  
damage/misalignment 

2 .  Proper opera t ion  

3 .  Cleaned accord- 
ing  t o  procedure 

4 .  No leaks  

5 .  No v i s u a l  damage 
o r  l eaks  

6 .  Proper response 
of t h e  gauge 

7 .  S e n s i t i v i t y  21.3 
mm (0.05 i n . )  H20 

Agreement wi th in  + 4 O C  
(7'F) ((1.5% a t  293K) 
(530'R); % room temp- 
a t u r e  

- 

Frequency and method 
of measurement 

1 .  Visua l ly  check 
f o r  damage, alignment 

2 .  Check quick d i s -  
connec ts  f o r  proper  
opera t i o n  

3 .  Blow ou t  tube  
l e g s ;  r i n s e  f i r s t  
w i th  d i s t i l l e d  H20 
and then  with 
ace tone ;  d ry  wi th  
compressed a i r  

4 .  Check f o r  l eaks  

5. Vi sua l ly  check 
d i f f e r e n t i a l  p res -  
s u r e  gauge f o r  
damage o r  l eaks  

6.  Check €or  ob- 
s t r u c t i o n  by 
blowing l i g h t l y  

7 .  Check r e s e r v o i r  
f o r  proper  a d j u s t -  
ment range 

Before each f i e l d  
t e s t ,  compare ab- 
s o l u t e  ambient 
readings  t o  those  
w i t h  a Hg-in-glass 
thermometer 

Action i f  
requirements 
a r e  not  met 

1. Replace o r  
r e p a i r ,  and then  
r e c a l i b r a t e  

2 .  Clean, and 
use a drop of 
pene t r a t ing  
o i l  

Reclean 

4 .  Repair o r  
replace a s  
necessary 

5. Repair 
o r  rep lace  
a s  necessary 

6 .  Remove ob- 
s t r u c t i o n ,  and 
repea t  t e s t  

7 .  Add o r  
remove f l u i d  

Recalib r a  t e 
the  system 

(continued) 
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Frequency and method 
Ope ration Acceptance limits of measurement 

Barometer Agreement within (2.5 Before each field 
mm) 0 . 1  in. Hg test, check against 

a Hg barometer 

Visually check Packing equip- Packed according 
ment f o r  to specified 
shipment conditions 

Action if 
requirements 
are not met 

Ad j us t until 
agreement 
attained 

Correct the 
packing 
procedure 
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4.0 ON-SITE MEASUREMENTS 
The on-site measurement activities include transporting 

equipment to the test site, unpacking and assembling equipment, 
making duct measurements, measuring velocity, determining mole- 
cular weight, and recording data. Table 4.1 at the end of this 
section summarizes the quality assurance activities for on-site 
measurements. A copy of all field data forms mentioned are in 
Section 3.1.12. 
4.1 Transport of Equipment to the Sampling Site 

The most efficient means of transporting the equipment from 
ground level to the sampling site should be decided during the 
preliminary site visit (or prior correspondence). Care should be 
exercised to prevent damage to the test equipment or injury to 
test personnel during the moving phase. 
4.2 Velocity Measurement 

On-site measurements include the following steps: 
1. Preliminary measurements and setup; this includes a 

determination of acceptable flow conditions, as described in 
Method 1 (Section 3.0.1). 

Leak checking the pitot tube and differential pressure 
gauge. 

Insertion of the pitot assembly into the stack. 

2. 

3. 
4. Sealing the port. 
5. Measuring velocity pressure and temperature at de- 

6 .  

7 .  

8 .  

signated points. 
Pleasuring the static pressure of the stack. 
Determining the moisture content according to Method 4. 

Determining the molecular weight according to Method 3. 
A final leak check of the pitot tube and differential pressure 
gauge assembly must always be performed upon completion of Sam- 
pling. Record all data on Figure 4.1 or similar form. 
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Sampling l o c a t i o n  
M c l n  : 3 / < > r k  I Clock 

time 7 '57 

. 
Run 

number 

1 

Amb. temp., Bar. p r e s s . ,  S t a t i c  p r e s s . ,  
Opera t o r  OF i n .  Hg in. H20 

.I 
-. 

L\ .' 7 . ,+j- ^j 0, C j 5  .p ..- YC] 

P i t o t  
tube (C ) 

P 

* i ,:< ,:; i j  ,r) ! I  

F i e l d  data 

Molecular 
wt.  

I Traverse I 

Stack i n s i d e  dimension, i n .  
Diam. o f  s i d e  1 s i d e  2 

I Veloc i ty  I head 
Cyclonic  flow determination 

1 Angle (a) 

I which y i e l d s  
number i n .  i n .  H,O re ference  a n u l l  Ap 
p o i n t  1 P o s i t i o n ,  1 (Aps), I 

Average angle  I 
Average of  a must be < l o  degrees t o  be acceptab le .  a 

F i g u r e  4.1 Method 2 gas v e l o c i t y  and volume da t a  f o r m .  
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4.2.1 Preliminary Measurements and Setup - An accurate determi- 
nation of the stack's cross-sectional area is important when 
calculating volumetric flow rate. Also, the inside dimensions 
must be known to properly mark the pitot tube for making a veloc- 
ity traverse and to calculate a total flow rate. Field team 
members must use good judgement and experience in selecting the 
best method of measuring stack dimensions for each particular 
situation. 

Two commonly used methods of measuring stack dimensions are: 
1. Inserting a rigid rod made of metal or other material 

that will, in most instances, withstand stack conditions through 
a sampling port, is the easiest and most accurate method of mea- 
suring the dimensions (i.e. , diameter or length and width) of 
small stacks . Caution: When testing a stack that has hot and/or 
noxious gases at a positive pressure, use a packing gland to pre- 
vent the gases from escaping from the sampling port. Also, wear 
asbestos gloves when working around a hot stack. 

Because all circular stacks are not perfect circles and 
because all sides of a rectangular stack are not straight, best 
results are obtained if the dimensions are measured from as many 
sampling ports as available at the sampling site. Calculate the 
average value for use in subsequent calculation of the volumetric 
flow rate. Sketch the cross-sectianal area of the stack on the 
sample data form (Figure 4.1), and show a l l  measured dimensions 
and their values. Record the average value on the same form in 
the blank space designated for stack dimension. (If the stack is 
rectangular, record the average length and width in this space, 
and mark out the diameter.) Determine all dimensions to the 
nearest 3 mm (1/8 in.). 

2. For stacks too large or too inconvenient for measuring 
with a rod as described in (1) above, the next best method may be 
to measure the outside circumference and to calculate the inside 
diameter (d): 

d = ( C / n )  - 2t Equation 4-1 
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where 
d = inside diameter of the stack, 
C = outside circumference of stack, 
n % - 3.1416 % - 22/7, and 
t = stack wall thickness. 
For rectangular stacks, measure the outside dimensions and 

subtract the (2t) wall thickness; measure all lengths to the 
nearest 3 mm (1/8 in). Note: In horizontal ducts, particulate 
buildup may occur on the bottom of the duct; this buildup (deter- 
mined visually or by probing with a rod) should be subtracted 
from the duct cross section. Select the sampling site location 
in accordance with Method 2; if this is not possible due to duct 
configuration or other reasons, have the sampling site location 
approved by the administrator. Determine the minimum number of 
traverse points by Method 1, or check the traverse points deter- 
mined from the preliminary site visit (Section 3.0 of this Hand- 
book). Record all data on the traverse point location form, as 
shown in Section 3.0. Use these measurements to locate the pitot 
tube and the sampling probe during preliminary measurements and 
actual sampling. 
4.2.2 Stack Parameters - Check the sampling site for cyclonic or 
nonparallel flow, as described in Method 1 (Section 3.0.1). The 
sampling site must be acceptable before a valid measurement can 
be made. Be sure that the proper differential pressure gauge is 
chosen for the range of velocity heads encountered. 
4.2.3 Velocity Measurement - Determine the number and location 
of traverse points and sampling ports by Method 1. For circular 
stacks (3 m (10 ft) in diameter, two ports along diameters at 
right angles to each other and in the same plane are sufficient; 
however, when the stack diameter is > 3  m (10 ft), four ports--one 
at each end of the two diameters--are desirable to avoid the use 
of extra long pitot tubes. If it is necessary to use a Type S 

pitot tube >3 m (10 ft) i n  length, it should be structurally re- 
inforced to prevent bending of the tube and resulting in the type 

I 
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e r r o r  i l l u s t r a t e d  i n  Figure 2 . 7 .  Each sampling p o r t  and t r a v e r s e  
p o i n t  should be i d e n t i f i e d  by a number o r  l e t te r  and should be 
so-designated on t h e  ske tch .  

Measure t h e  v e l o c i t y  head and temperature a t  each t r a v e r s e  
p o i n t  a c c e s s i b l e  from a given p o r t  by measuring each p o i n t  once 
a s  t h e  p i t o t  tube  i s  i n s e r t e d  i n t o  t h e  s t a c k  and moved ac ross  the  
s t a c k ' s  diameter .  To prevent  damage o r  clogging, be c a r e f u l  t o  
avoid touching t h e  p i t o t  tube t i p  t o  t h e  s i d e  of t h e  s t a c k  wal l .  

A s tandard  p i t o t  tube may be used i n s t e a d  of  a Type S ,  f o r  
conducting v e l o c i t y  t r a v e r s e s ;  however, t h e  s t a t i c  and impact 
p re s su re  ho le s  of  s tandard  p i t o t  tubes  a r e  s u s c e p t i b l e  t o  p lug-  
ging i n  p a r t i c u l a t e - l a d e n  o r  moist  gas s t reams.  Therefore ,  when- 
ever  a s t anda rd  p i t o t  tube i s  used t o  perform a t r a v e r s e ,  
adequate proof must be furn ished  t o  show t h a t  t h e  openings of t h e  
I i t o t  tube  d i d  not  p lug  up during t h e  t r a v e r s e  pe r iod .  

The fol lowing procedure w i l l  provide s u f f i c i e n t  evidence 
t h a t  plugging d i d  n o t  occur.  

1. Measure t h e  v e l o c i t y  head (Ap) reading a t  t h e  f i n a l  
t r a v e r s e  p o i n t .  

2 .  Clean o u t  t h e  impact and s t a t i c  holes  of  t h e  s tandard  
p i t o t  tube  by Iiback purging" with p re s su r i zed  a i r ,  and t h e n  r e -  
measure t h e  Ap a t  t h e  f i n a l  p o i n t .  I f  t h e  Ap readings  be fo re  and 
a f t e r  t h e  a i r  purge a r e  t h e  same (k5%) ,  t h e  t r a v e r s e  is accept -  
ab le .  Note: I f  Ap a t  t h e  f i n a l  p o i n t  i s  unsui tab ly  low, another  
p o i n t  may be s e l e c t e d .  

I f  "back purging" a t  r egu la r  i n t e r v a l s  i s  p a r t  of the  pro- 
cedure,  comparative Ap readings should be taken ( a s  above) f o r  
t h e  l a s t  two back purges a t  which s u i t a b l y  high Ap readings  a re  
observed. 

3 .  Record t h e  clock time, Ap, and Ts f o r  each t r a v e r s e  
p o i n t  on t h e  d a t a  form (Figure  4 . 1 ) .  

4 .  A f t e r  t h e  t r a v e r s e ,  check t h e  d i f f e r e n t i a l  p re s su re  
gauge zero  s e t t i n g  and l o c a l  i n d i c a t o r .  I f  e i t h e r  has s h i f t e d ,  
reset  and r e p e a t  the  t r a v e r s e .  
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If a more sensitive differential pressure gauge is required 
after making a traverse because the velocity head readings were 
c1.3 mm (0.05 in.), use a more sensitive manometer, as discussed 
in Section 3.1.1. After completing the traverse, check the pitot 
tube differential pressue gauge assembly again for leaks, as de- 
scribed in Subsection 4.2.5. 
4.2.4 Measurement of Low Velocities - A Type S pitot tube can 
be used to measure velocities as low as 122 m/min (400 ft/min) 
without affecting the calibration coefficient. 

Most sampling trains are equipped with a 10-in. (H20 column) 
inclined vertical manometer that has 0.01-in. divisions on the 
0-to-1-in. inclined scale and 0.1-in. divisions on the l-to- 
10-in. vertical scale. This type of manometer (or other gauge 
of equivalent sensitivity) is satisfactory for the measurement 
of Ap values as low as 1.3 mm (0.05 in.) H20. However, a differ- 
ential pressure gauge of greater sensitivity should be used (sub-  
ject to the approval of the administrator) if any of the follow- 
ing is found to be true: 

1. The arithmetic average of all Ap readings at the tra- 
verse points in the stack is c1.3 mm (0.05 in.) H20; 

2. More than 10% of the individual Ap readings are c1.3 mm 
(0.05 in.) H20 points, for traverses of 12 or more points; 

3. More than one Ap reading is (1.3 mm (0.05 in.) H20 for 
traverses of fewer than 12 points. 

As an alternative to criteria (1) through (3) above, the 
following calculation may be performed to determine the necessity 
of using a more sensitive differential pressure gauge: 
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where 
Api = i nd iv idua l  v e l o c i t y  head r ead ing  a t  a t r a v e r s e  p o i n t ,  

mm ( i n . )  H20, 
n = t o t a l  number of t r a v e r s e  p o i n t s ,  and 
K = 0.13  mm ( 0 . 0 0 5  i n . )  H20. 

I f  T i s  >1.05, t h e  v e l o c i t y  head d a t a  a r e  unacceptable,  and a 
more s e n s i t i v e  d i f f e r e n t i a l  p re s su re  gauge m u s t  be used. 
4 . 2 . 5  Spec ia l  Precaut ions - Before and dur ing  t h e  t r a v e r s e ,  a 
number of precaut ions  should be taken:  

The p i t o t  tube should be s h o r t  enough f o r  easy handling 
from ou t s ide  t h e  s t ack  when he ld  a t  any t r a v e r s e  p o i n t  f o r  s a f e t y  
reasons  and f o r  e f f i c i e n c y  i n  t h e  measurement process .  

2 .  The alignment should be made v i s u a l l y  wi th  re ference  t o  
t h e  s t a c k  geometry and n o t  by r o l l i n g  o r  t i p p i n g  t h e  p i t o t  tube 
u n t i l  a maximum response i s  observed. 

1. 

3 .  I f  t h e  gas stream con ta ins  a s i g n i f i c a n t  concent ra t ion  
of p a r t i c u l a t e s ,  both l e g s  of  t h e  p i t o t  t ube  should be blown o u t  
f r equen t ly  during t h e  v e l o c i t y  t r a v e r s e .  

4. All unused sampling p o r t s  must be plugged, and t h e  p o r t  
be ing  used should be sea l ed  a s  t i g h t l y  a s  p o s s i b l e  t o  minimize 
any d is turbance  on t h e  gas flow p a t t e r n  when making a v e l o c i t y  
measurement. The p o r t  being used can be  sea l ed  with asbes tos  
m a t e r i a l ,  p r e c u t  sponge, o r  duc t  t a p e  depending on t h e  tempera- 
t u r e  of t h e  s t a c k  gas .  

5 .  I f  l i q u i d  d r o p l e t s  a r e  p r e s e n t  i n  t h e  gas stream, a 
l i q u i d  t r a p  should be i n s e r t e d  i n  t h e  gauge l i n e  lead ing  t o  t h e  
upstream p i t o t  tube l e g  (impact opening) .  A t r a p  may be requi red  
f o r  bo th  l e g s .  

6 .  When t e s t i n g  a s t a c k  t h a t  has  h o t  and/or noxious gases  
under p o s i t i v e  p re s su re ,  a packing gland and g a t e  valve assembly 
should be used t o  prevent  t h e  gases  from escaping from the  sam- 
p l i n g  p o r t .  Caution: Asbestos gloves should be worn when work- 
ing around a hot stack. Always wear safety g l a s s e s  and under 
hazardous condi t ions ,  f u l l f a c e  sh i e lds .  
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7 .  Damage o r  suspected damage t o  any i t e m  o f  equipment, 
such a s  a p i t o t  tube o r  an inc l ined  manometer, during the tes t  
should be f u l l y  documented a t  t he  t i m e  it occurs o r  a t  t h e  first 
awareness of i t s  occurrence. The item should be replaced by a 
spare  if ava i l ab le .  I f  it i s  necessary t o  continue us ing  the  
damaged item, a p o s t t e s t  c a l i b r a t i o n  ( a s  described i n  Sec t ion  
3 . 1 . 2 )  should be performed, and the  new c a l i b r a t i o n  should be 
used f o r  t he  da t a  co l l ec t ed  a f t e r  t h e  damage occurred. 
4 . 2 . 6  Measurement of t he  S t a t i c  Pressure i n  the Stack - Three 
acceptable methods f o r  measuring s t a t i c  pressure  a r e  given i n  the 
order  of decreasing accep tab i l i t y :  

1. I n s t a l l  a t a p  perpendicular t o  t h e  s t ack  gas flow, o r  
i n s e r t  a 6-mm (0.25-in.)  steel  tube i n t o  t h e  sampling p o r t  while 
maintaining a good s e a l .  Connect one side of a U-tube manometer 
t o  the t ap ,  and vent  the o ther  s i d e  of t h e  manometer t o  t h e  
atmosphere. If t he  pressure  is expected t o  be >63-75 c m  (25-30 
i n . )  H20 ,  a mercury-f i l led U-tube manometer should be used 
in s t ead  of a wa te r - f i l l ed  U-tube. 

2 .  U s e  the  s t a t i c  pressure  t a p  of a s tandard p i t o t  tube 
connected t o  one side of a manometer. (If t h e  s t ack  p res su re  i s  
obviously negat ive,  connect the s t a t i c  pressure  t a p  t o  t h e  o the r  
side of the  manometer; otherwise t r i a l  and e r r o r  w i l l  have t o  
s u f f i c e . )  Vent the remaining s i d e  of t h e  manometer t o  t h e  
atmosphere. Po in t  the p i t o t  tube pressure  opening ( t h e  uncon- 
nected end) d i r e c t l y  i n t o  t h e  flow and s e a l  t h e  p o r t  around t h e  
tube. 

3 .  U s e  a Type S p i t o t  tube  w i t h  t he  p i t o t  tube openings 
fac ing  perpendicular t o  t h e  gas stream. Connect only one l e g  of 
the p i t o t  tube t o  the manometer; vent  the o the r  s ide of t he  
manometer t o  the atmosphere. Take extreme care t o  a l i g n  t h e  
probe properly and t o  s e a l  t he  p o r t  around t h e  p i t o t  tube.  

One s t a t i c  pressure  reading is usua l ly  adequate f o r  a l l  
po in t s  within a s t ack ;  however, t h i s  m u s t  be confirmed by ran- 
domly moving the pressure probe over the  stack t o  see i f  t h e r e  
a re  any s i g n i f i c a n t  va r i a t ions - - tha t  i s ,  a range of p re s su re  
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va lues  > l o 0  mm ( 4  i n . )  R 2 0 .  I f  t h e r e  a r e  s i g n i f i c a n t  v a r i a t i o n s ,  
v i s u a l l y  check t h e  l o c a t i o n  f o r  phys i ca l  flow d is turbances .  I f  
none a r e  found, measure and record  t h e  s t a t i c  pressure  a t  each 
t r a v e r s e  p o i n t .  

4.  Measure t h e  atmospheric p r e s s u r e  a t  t h e  t e s t  s i t e  u s ing  
t h e  barometer. 

Record t h e  s t a t i c  p re s su re ,  P (be  s u r e  t o  include t h e  p l u s  
o r  minus s i g n  f o r  p o s i t i v e  o r  nega t ive  pressure  r e s p e c t i v e l y )  a s  
read  from t h e  manometer on t h e  v e l o c i t y  d a t a  form, Figure 4 .1 .  

4 . 2 . 7  P i t o t  Tube C a l i b r a t i o n  Check - I f  t h e  p i t o t  tube coef -  
f i c i e n t  were based on an acceptab le  geometry s tandard ,  be s u r e  
t h a t  t h e  p i t o t  meets t hese  s tandards  p r i o r  t o  each run and t h a t  
no p o s t t e s t  d a t a  c o r r e c t i o n  i s  r equ i r ed  from any p i t o t  t ube  
damages t h a t  may have occurred du r ing  t e s t i n g .  
4 .2 .8  Dry Stack Gas Molecular Weight Determination - For combus- 
t i o n  processes ,  use Method 3 .  For processes  emi t t i ng  e s s e n t i a l l y  
a i r ,  an ana lys i s  need n o t  be conducted and a molecular weight of 
29 should be used. Moisture c o n t e n t  can be measured by us ing  
Method 4 .  For o the r  processes ,  c o n s u l t  t h e  adminis t ra tor .  
4.3 Sample Log i s t i c s  (Data)  and Packing o f  Equipment - Fol low 
t h e  above procedures u n t i l  t h e  r equ i r ed  number of r u n s  a r e  com- 
p l e t e d .  Log a l l  da ta  on t h e  form shown previous ly  i n  Figure 4 . 1 .  

The following a r e  recommended a t  the completion of t he  t e s t  
series: 

1. Record and d u p l i c a t e  a l l  d a t a  recorded during t h e  f i e l d  
t e s t  by the  b e s t  means a v a i l a b l e .  One se t  of da ta  can then  be 
e i t h e r  mailed t o  t h e  base l a b o r a t o r y ,  given t o  another team 
member, o r  t o  t h e  Agency; t h e  o r i g i n a l  da t a  should be hand- 
c a r r i e d .  

2 .  Examine a l l  sampling equipment f o r  damage, and t h e n  
proper ly  pack it f o r  shipment t o  t h e  base l abora to ry .  A l l  sh ip-  
p ing  con ta ine r s  should be p rope r ly  l abe led  t o  prevent  l o s s  of 
equipment. 

3 .  Quickly check sampling procedures using t h e  da ta  form, 
Figure 4 . 2 .  

g’ 
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S amp 1 i n q  

P i t o t  t u b e ,  l i n e s ,  and manometer assembled co r rec t ly?*  

P i t o t  tube  and components mounted i n  an i n t e r f e r e n c e  free man- 
- 

ner?* QL5- 

D i f f e r e n t i a l  p re s su re  gauge has c o r r e c t  s e n s i t i v i t y ? *  M(( 

D i f f e r e n t i a l  p re s su re  gauge u u  
1 

leveled and zeroed?* 

+= Pre te s t  l eak  check? ZJ ( o p t i o n a l )  Cyclonic flow checked? +-- 
P i t o t  tube p a r a l l e l  t o  s t ack  wal ls?* U L S  

-$=- S t a t i c  p re s su re  measured? 7g.r Temperature measured? 

Method ,&&.4?ZN€ f lSPk!  9 + Moisture con ten t  determined? 

Orsa t  samples taken? Ug-3 I f  no explain:  , 

Method ,&&.4?ZN€ f lSPk!  9 + Moisture con ten t  determined? 

Orsa t  samples taken? Ug-3 I f  no explain:  , 

P o s t t e s t  l eak  check performed?* 4&5 (mandatory) 

Data recorded properly? HLS 
/ 

I 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 4 . 2  On-site measurements c h e c k l i s t .  



T a b l e  4 .1  ACTIT 

A c t i v i t y  

Type S p i t o t  
t u b e  and 
d i f f e r e n t i a l  
p r e s s u r e  
gauge 

I TY 

Acceptance l i m i t s  

Leak-f ree  c o n n e c t i o n s ;  
manometer p r o p e r l y  
leveled; o i l  column 
zeroed  

ATRI 

measurement 
system 

Cross s e c t i o n a l  
a r e a  of s t a c k  

A l l  measurements 
made t o  t h e  n e a r e s t  
3 mm (1/8 i n . )  

Ve 1 o c i t y  
measurements 

S t a t i c  V a r i a t i o n  i n  s t a t i c  
p r e s s u r e  p r e s s u r e  Pg < lo0  mm 

( 3 . 9  i n . )  H20 t o  make 
a s i n g l e  p o i n t  mea- 
surement  

1. Number and lo-  
c a t i o n  of t r a v e r s e  
p o i n t s  (Method 1) 

FOR C 

Sect ion No. 3 . 1 . 4  
Revision N o .  0 
Date January 15 ,  1980  
Page 11 o f  1 2  

J-SITE MEASUREMENTS 

Frequency and method 
o f  measurement 

V i s u a l l y  check b e f o r e  
t a k i n g  measurements 
a t  each  f i e l d  t e s t  

V i s u a l l y  check f o r  
damage 

During e a c h  f i e l d  
t e s t ,  measure i n s i d e  
d i a m e t e r  ( o r  width)  
a n d / o r  c i rcumfer -  
ence  ( p e r i m e t e r )  

1. Check b e f o r e  
t a k i n g  measurements 

2 .  Apparatus l e a k  
checked upon com- 
p l e t i o n  of t e s t s  

Use one of  t h r e e  
means g i v e n  i n  Sub- 
set 4 . 8 ;  move probe 
o v e r  c r o s s  s e c t i o n  
t o  de te rmine  i f  
v a r i a t i o n  i s  
s i g n i f i c a n t  

Act ion  i f  
requi rements  
a r e  n o t  met 

Take c o r -  
r e c t i v e  
a c t i o n  

Take c o r -  
re  c t  ive  
a c t i o n  p r i o r  
t o  t a k i n g  
measurements 

Obta in  d a t a  
a s  s p e c i f i e d  

Repeat 
t r a v e r s e  

Check t h e  
l o c a t i o n  f o r  
d i s t u r b a n c e s ;  
i f  none,  
measure and 
record  t h e  
s t a t i c  p r e s -  
s u r e  a t  
each  p o i n t  

(cont inued)  
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Frequency and method 
A c t i v i t y  Acceptance l imits of  measurement 

Sample l o g i s -  1. All d a t a  recorded  1. Upon comple t ion  
t i c s  ( d a t a )  c o r r e c t l y  of e a c h  t r a v e r s e  and 
and packing  b e f o r e  p a c k i n g  f o r  
of equipment shipment  

- - 

Action i f  
requirements  
a r e  n o t  met  

1. Complete 
r e q u i r e d  
number of 
runs 

-- 

2 .  A l l  equipment 
examined f o r  damage 
and l a b e l e d  f o r  
shipment 

2 .  Repeat t h e  
sampling i f  

.damage o c c u r r e d  
d u r i n g  t e s t i n g  

2.  A s  above 

1 1- I 
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5.0 POSTSAMPLING OPERATIONS 
Table 5 .1  a t  t he  end of t h i s  s ec t ion  summarizes the  

q u a l i t y  assurance a c t i v i t i e s  f o r  postsampling opera t ions .  
5 .1  Apparatus Checks 

Disassemble, c lean ,  and v i s u a l l y  check each component of  t he  
sample apparatus  upon completion of sampling. P o s t t e s t  Cal i -  
b ra t ion  must be performed on the  p i t o t  tube if damaged, and t h e  

temperature sensor .  
5 .1 .1  P i t o t  Tube - I f  t h e  p i t o t  tube i s  damaged, do not  r e p a i r  
i f  t h e  sample runs were s t a r t e d  with t h e  unacceptable p i t o t  tube.  
Ca l ib ra t e  t h e  p i t o t  tube according t o  Sec t ion  3.1.2.  For C a l i -  

b r a t ion  purposes, t h e  p i t o t  tube p o s t t e s t  c o e f f i c i e n t  should be 
used f o r  a l l  da t a  obtained using t h e  damaged p i t o t  tube only.  
For any runs t h a t  s t a r t e d  with an acceptable  p i t o t  tube no da ta  

co r rec t ion  i s  requi red .  A f t e r  c a l i b r a t i o n ,  r e p a i r  t h e  p i t o t  tube 

and c a l i b r a t e  a s  i n i t i a l l y  (by dimensional s p e c i f i c a t i o n s  o r  
c a l i b r a t i o n ) .  Record p o s t t e s t  c a l i b r a t i o n  da ta  on Figure 5.1. 
I f  a l l  runs were s t a r t e d  with an acceptable  p i t s t ,  and r e p a i r s  
can be made, no f i e l d  da t a  co r rec t ion  i s  requi red .  
5.1.2 Temperature Sensor - The s t ack  temperature sensor  readings 
should be compared with the  re ference  thermometer readings.  

For thermocouples(s),  compare t h e  thermocouple and refer- 
ence thermometer values  a t  ambient temperature.  I f  the values 
agree wi th in  fl. 5% of t h e  absolute  temperature,  t h e  c a l i b r a t i o n  
i s  considered v a l i d .  I f  t h e  values  do no t  agree within f1.5%, 
r e c a l i b r a t e  t h e  thermocouple a s  descr ibed i n  Sect ion 3.1.2 t o  
determine t h e  d i f f e rence  (ATs) a t  t h e  average s t ack  temperature 
(Ts). Note: - This comparison may be done i n  the  f i e l d  immedi- 
a t e l y  following t h e  tests.  

For thermometers , compare the  re ference  thermometer (1 ) a t  
ambient temperatures for average s t ack  temperature below 100°C 
(212'F), ( 2 )  i n  bo i l ing  water f o r  s t ack  temperatures from 1 0 0 "  - 
200°C (212"  - 390°F), and ( 3 )  i n  a b o i l i n g  l i q u i d  with a b o i l i n g  
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P i t o t  Tube 

I n i t i a l  p i t o t  tube c o e f f i c i e n t  0-  f+ 
Was pi, tot  t u b e  damaged p r i o r  t o  s t a r t  of  any tes t  runs? yes  

r/ no 
If  yes,  was p i t o t  tube c a l i b r a t e d  p r i o r  t o  r epa i r ?*  Yes - no 

( t h i s v a l u e  must P i t o t  t u b e  c o e f f i c i e n t  (damaged) 
be used f o r  runs s t a r t e d  wi th  the  damaged p i t o t  t u b e )  

Temperature Sensor 

Was a p r e t e s t  temperature c o r r e c t i o n  used? Yes L/ no 
I f  yes ,  temperature c o r r e c t i o n  OC (OF) (wi th in  1.5% 
of readings i n  K ( O R )  over range)  

Average s t ack  temperature of  compliance t e s t  ( T  ) 
K @ Temperature o f  re ference  thermometer o r  s o l u t i o 8  f o r  r e c a l i b r  

t i o n *  ,528 K O R )  

Temperature of s t a c  a r m o m e t e r  f o r  r e c a l i b r a t i o n  5 % 3  $@ 
Difference between re ference  and s tack  thermometer temperatur 

/' yes no 
(AT 1 5 K ( O R )  

Do vafues agree wi th in  f1.5%?* 
I f  yes ,  no c o r r e c t i o n  necessary f o r  c a l c u l a t i o n s  
I f  no, c a l c u l a t i o n s  m u s t  be done twice, once with recorded, 
va lues  and once with average s t a c k  temperature cor rec ted  t o  
correspond t o  re ference  temperature d i f f e r e n t i a l  (AT ) .  Both 
va lues  of f i n a l  r e s u l t s  must t hen  be repor ted  s i n c e  t h e r e  i s  no 
way t o  determine which i s  correct 

&A 

Barometer 

Was pretest  f i e l d  barometer reading  c o r r e c t ?  J yes no 
P o s t t e s t  comparison J9.G/ mm ( i n . )  ( H g  wi th in  ( f 5 . 0  mm ( 0 . 2  i n . )  

Was r e c a l i b r a t i o n  required? Yes / no 
I f  yes ,  no c o r r e c t i o n  needed when f i e l d  barometer has t h e  lower 
reading 
I f  mercury-in-glass reading i s  lower,  sub t r ac t  t he  d i f f e rence  
from t h e  f i e l d  d a t a  readings f o r  t h e  c a l c u l a t i o n s  

H g )  of mercury-in-glass barometer) 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 5 . 1  P o s t t e s t  sampling checks. 
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I 
I 

po in t  >200° (390OF) f o r  s t ack  temperatures between 200" - 4 0 5 O C  

(390' - 760'F). For s t ack  temperatures >40S0 (760°F), compare 
t h e  s t ack  thermometer w i t h  a thermocouple a t  a temperature w i t h -  

i n  *lo% of the  average absolu te  s t ack  temperature.  I f  the abso- 
l u t e  values  agree within k1.5%, t h e  c a l i b r a t i o n  i s  considered 
v a l i d .  If not ,  determine t h e  e r r o r  (ATs)  t o  correct the  average 
s t ack  temperature. 
5.1.3 Barometer - The f i e l d  barometers a r e  acceptable if they 
agree within f5 mm ( 0 . 2  i n .  ) Hg when compared with the  mercury- 
i n -g l a s s  barometer. When the  comparison is no t  within this 
range, t h e  lesser c a l i b r a t i o n  value should be used for t he  ca l -  
cu la t ions .  If the  f i e l d  barometer reads  lower, no co r rec t ion  is 
necessary.  When the  mercury-in-glass barometer gives  the  lower 
reading,  s u b t r a c t  t he  d i f f e rence  from t h e  f i e l d  da ta  readings 
fo r  t h e  ca l cu la t ions .  

Table 5.1 ACTIVITY MATRIX FOR POST-SAMPLING OPERATIONS 

Apparatus 

P i  t o t  tube 

Acceptance 'I imi t s  

I f  damaged, r e c a l i -  
brate  according t o  
Sec 3 . 1 . 2  

Temperature 
sensor 

W i t h i n  +1.5% of 
absolute temperature 

Barometer Within k2.5 mrn (0 .1  
i n . )  Hg a t  ambient 
pressure 

I 

Frequency and method 
of measurement 

After every f i e l d  
t e s t ,  visual ly  
inspect  f o r  damage 

Cal ibra te  w i t h  ASTM 
mercury-in-glass 
thermometer 

Compare w i t h  mercury- 
in-glass  barometer 
a f t e r  each t e s t  

Action i f  
requirements 
are n o t  met 

Recalibrate,  
and use cal i- 
bration fac- 
t o r  f o r  data  
o b t a  i ned by 
us i ng damaged 
p i t o t  tube or 
repeat t h e  
t e s t s  

Use correc- 
t i o n  f a c t o r  
on tempera- 
ture  data  

Recal i b r a t e ,  
and use lower 
barometric 
values f o r  
calculat ions 

1 
- (;. 
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6.0 CALCULATIONS 
Calculation .errors  due t o  procedural o r  mathematical m i s -  

takes  can be a la rge  p a r t  of t o t a l  system e r ro r .  Therefore, it 
is recommended t h a t  each se t  of ca lcu la t ions  be repeated o r  spot  
checked, preferably by a team member o ther  than the one who per- 
formed the or ig ina l  ca lcu la t ions .  I f  a difference grea te r  than 
typical roundoff e r r o r  i s  detected, t h e  calculat ions should be 
checked step-by-step u n t i l  t h e  source of e r r o r  i s  found and cor- 
rected.  A computer program t h a t  p r i n t s  the input  data  so  t h a t  it 
can be checked i s  advantageous i n  reducing calculat ion errors. 
I f  a standardized computer program is used, the  o r ig ina l  da ta  
en t ry  should be checked; i f  differences a re  observed, a new com- 
puter  run should be made. Table 6 . 1  a t  the  end of t h i s  s ec t ion  
summarizes the qua l i ty  assurance a c t i v i t i e s  fo r  ca lcu la t ions .  

Calculations should be c a r r i e d  out re ta in ing  a t  l e a s t  one 
s ign i f i can t  d i g i t  beyond t h a t  of t he  acquired data  and then 
should be rounded of f  a f t e r  f i n a l  ca lcu la t ion  t o  two s i g n i f i c a n t  
d i g i t s  for  each run o r  sample, All rounding of f  of  numbers 
should be i n  accordance with t h e  ASTM 380-76 procedures. Record 
a l l  calculat ions on Figures 6.1A o r  B and on Figures 6.2A o r  B,  
o r  on s imilar  forms. 
6 . 1  Nomenclature \ 

l i s t e d  alphabet ical ly .  
The nomenclature used i n  the  ca lcu la t ions  t h a t  follow are 

A = Cross-sectional area of  s tack,  rn2 ( f t 2 )  

Bws = Water vapor i n  the gas stream (Method 5 o r  Method 4), pro- 
port ion by volume 

C = P i t o t  tube  coe f f i c i en t ,  dimensionless P 
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K = Pitot tube constant, 
P 

for the-metric system, and 1 /g-mole)(mm Hg) 34.97 - S 

(lb/lb-mole)(in. f o r  the English system (OR)(in. H20) 05.49 - 
S 

Md = Molecular weight of stack gas, dry basis, g/g-mole 
(lb/lb-mole) 

Ms = Molecular weight of stack gas, wet basis, g/g-mole 
(lb/lb-mole), or 

Md(l - Bws ) + 18.0 Bws Equation 6-1 

Ap = Velocity head of stack gas, mm (in.) H20 

= Barometric pressure at measurement site, mm (in.) Hg 'bar 
P = Stack static pressure, mm (in.) Hg 

Ps = Absolute stack gas pressure, mm (in.) Hg, or 
g 

Equation 6-2 
9- 

+ P  'bar 
= Standard absolute pressure, 760 mm (29.92 in.) Hg 

= Dry volumetric 3tack gas flow rate corrected to standard 
'std 

conditions, dsm /h (dscf/h) 

ts = Stack temperature, O C  (OF) 

,Ts = Absolute stack temperature, K (OR), or 

273 + ts for metric system 

460 + ts for English system 

Equation 6-3 

Equation 6-4 

= Standard absolute temperature, 293K (528OR) *std 
vs = Average stack gas velocity, m/s (ft/s) 

3600 = Conversion factor, s/h 

18.0 = Molecular weight of water, g/g-mole (lb/lb-mole) 

. '  
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6 . 2  Calcu la t ions  
The fol lowing a r e  t h e  equat ions used t o  c a l c u l a t e  t h e  s t a c k  

gas v e l o c i t y  and t h e  volumetr ic  flow r a t e .  
6 . 2 . 1  
c u l a t e  

Averaqe Stack G a s  Veloc i ty  - Equation 6-5 i s  used t o  cal- 
t h e  average s t a c k  gas v e l o c i t y  a t  s t a c k  condi t ions .  

Equation 6-5 

This equat ion assiimes t h a t  Ts, Ps, and Ms do not  change apprec i -  
ab ly  ( i . e . ,  <I.%) wi th  c ros s - sec t iona l  d i s t a n c e  and with t i m e .  I f  
they do, c o n s u l t  t h e  admin i s t r a to r  t o  determine an acceptab le  
procedure.  

The ( G ) a v g  term is  t h e  average square r o o t  of each i n -  
d iv idua l  v e l o c i t y  head (Ap). Addi t iona l ly ,  it should be noted 

here  t h a t  t o  be t e c h n i c a l l y  c o r r e c t  t h e  term (q)avg should be 
used. However, s i n c e  Ts i s  l a r g e ,  ( u s u a l l y  >289K ( 5 1 5 O R ) ,  t h e  
t e r m  d(Ts)avg can be used with (1% e r r o r  i f  t he  range of ts i s  
no t  - > l O ° C  ( S O O F ) .  

6 . 2 . 2  Averaqe - Stack Gas Dry Volumetric Flow Rate - Calcu la t e  
*std us ing  Equation 6-6, 

- 

*std = 3600(1 - BWs)vs A Equation 6-6 

,--- 

Pi 
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Table 6.1 ACTIVITY MATRIX FOR CALCULATION CHECKS 

C h a r a c t e r i s t i c e  

Data  a n a l y s i s  
form 

C a l c u l a t i o n s  

-I 
Acceptance limits 

Frequency and method 
o f  measurement 

A l l  d a t a  and c a l c u l a -  
t i o n s  g iven  

V i s u a l l y  check 

---I--- 
D i f f e r e n c e  between 
check and o r i g i n a l  c a l -  
c u l a t i o n s  w i t h i n  round- 
o f f  e r r o r ;  a t  l e a s t  one 
decimal  f i g u r e  r e t a i n e d  
beyond t h a t  of  a c q u i r e d  
d a t a  

Repeat  a l l  c a l c u l a -  
t i o n s ,  s t a r t i n g  wi th  
raw d a t a  f o r  hand 
c a l c u l a t i o n s ;  check 
a l l  raw d a t a  i n p u t  
t o  computer c a l c u -  
l a t i o n s ;  hand c a l -  
c u l a t e  one sample 
p e r  t e s t  

Act ion i f  
requirements  
a r e  not  met 

C omp 1 e t e t h e  
missing d a t a  
v a l u e s  

I n d i c a t e  
e r r o r s  on 
a n a l y s i s  d a t a  
form 
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Apparatus  

P i t o t  t u b e  

7 . 0  MAINTENANCE 
The normal u s e  of emission t e s t i n g  equipment s u b j e c t s  it 'LS 

cor ros ive  gases ,  extremes i n  temperature ,  v i b r a t i o n s ,  and shocks. 
Keeping t h e  equipment i n  good ope ra t ing  order  over  an extend€< 
pe r iod  of  t i m e  r equ i r e s  a knowledge of  t h e  equipment and a prc- 
gram of r o u t i n e  maintenance which is  performed q u a r t e r l y .  Mair.- 
tenance procedures f o r  t h e  var ious  components a r e  summarized ir- 
Table 7 . 1  below. 

The following procedures a r e  n o t  r equ i r ed ,  b u t  a r e  reco,rL- 
mended t o  inc rease  t h e  r e l i a b i l i t y  of t h e  equipment. 
7 . 1  P i t o t  Tube 

The p i t o t  tube should be checked f o r  den t s ,  co r ros ion ,  aI-2 
d i r t  t h a t  may cause a complete r e s t r i c t i o n  o f  p re s su re  o r  cause 
a l eak  i n  t h e  system. 
7 . 2  Inc l ined  Manometer 

The f l u i d  i n  t h e  i n c l i n e d  manometer should be change: 
whenever t h e r e  i s  d i s c o l o r a t i o n  o r  v i s i b l e  mat te r  i n  t h e  f l u i d ,  
and during t h e  y e a r l y  disassembly. N o  o t h e r  r o u t i n e  maintenance 
i s  r equ i r ed  s i n c e  t h e  i n c l i n e d  manometers w i l l  b e  leak  checkei 
dur ing  both  the l eak  check of t h e  p i t o t  tube  and t h e  l eak  check 
of  t h e  e n t i r e  con t ro l  console .  

Acceptance l i m i t s  

Check f o r  d e n t s ,  c o r -  
r o s i o n ,  o t h e r  damage, 
o r  broken welds 

Table 7 . 1  ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 

Frequency and method 
of measurement 

V i s u a l l y  check b e f o r e  
and a f t e r  e a c h  t e s t  
run  

I I i 
Act ion  i f  
r e q u i r e m e n t s  
a r e  n o t  m e t  

Use a n o t h e r  
p i t o t  t u b e  
o r  c l e a n ,  re- 
p a i r ,  and 
c a l i b r a t e  

I n c l i n e d  mano- No d i s c o l o r a t i o n  o r  Check p e r i o d i c a l l y  Replace p a r t s  
v i s i b l e  m a t t e r  i n  t h e  d u r i n g  d isassembly  a s  needed > 

/ I  Y /' 

l 
j /  

meter 1 f l u i d  I 1 





Sect ion No. 3 .1 .8  
Revision No. 0 
Date January 15, 198C 
Page 1 of 5 

8.0 AUDITING PROCEDURE 
An aud i t  i s  an independent assessment of data  q u a l i t y .  

Independence is achieved i f  t he  ind iv idua l (  s )  performing the  
a u d i t  and t h e i r  s tandards and equipment are d i f f e r e n t  from those 
used by t h e  regular  f i e l d  crew. Routine q u a l i t y  assurance checks 
by a f i e l d  team a r e  necessary i n  genera t ion  of good qua l i ty  da t a ,  
b u t  they a r e  no t  p a r t  of the aud i t ing  procedure. T a b l e  8 .1  a t  
t h e  end of t h i s  s ec t ion  summarizes t h e  q u a l i t y  assurance a c t i v i -  
t ies  f o r  audi t ing ,  and F igure  8 .1  sugges t  a c h e c k l i s t  f o r  t he  
aud i to r .  

Based on the  r e s u l t s  of  a co l l abora t ive  t e s t  of  Method 2 ,  

1. Audit of t h e  measurement phase of  Method 2 ,  and 
2 .  Audit of data  processing.  

two s p e c i f i c  performance aud i t s  a r e  recommended: 

. I n  add i t ion  t o  these  performance a u d i t s ,  a systems aud i t  may be 
conducted a s  spec i f i ed  by t h e  q u a l i t y  assurance coordinator .  The 
performance aud i t s  and t h e  systems a u d i t  are described i n  Subsec- 
t i o n s  8-1 and 8 . 2 ,  r e spec t ive ly .  
8 .1  Performance Audits 

Performance aud i t s  q u a n t i t a t i v e l y  eva lua te  t h e  q u a l i t y  of 
d a t a  produced by the  t o t a l  measurement system (sample co l l ec t ion ,  
da t a  processing,  e t c . ) .  I t  i s  recommended t h a t  these aud i t s  be 
performed by t h e  responsible  control agency once during every 
enforcement source t e s t .  A source t es t  f o r  enforcement Comprises 
a series of runs a t  one source.  
8 .1 .1  Audit of Measurement Systems - A performance aud i t  should 
be performed on t h e  geometric s tandards  f o r  t h e  Type S p i t o t  
tube ,  a s  described i n  Sect ion 3.1.1.  
8 .1 .2  Audit of Data Processing - Calcula t ion  e r r o r s  a re  prev- 
a l e n t  i n  Method 2 .  Data processing errors can be determined by 
aud i t ing  the  da ta  recorded on t h e  f i e ld  and labora tory  forms. 
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The o r i g i n a l  and a u d i t  (check)  c a l c u l a t i o n s  should agree w i t h i n  
roundoff; i f  n o t ,  a l l  of t h e  remaining d a t a  should be checked. 
The d a t a  process ing  may a l s o  be audi ted  by providing t h e  t e s t i n g  
l abora to ry  with s p e c i f i c  d a t a  sets ( e x a c t l y  a s  would occur i n  t h e  
f i e l d )  and by r eques t ing  t h a t  t h e  d a t a  c a l c u l a t i o n  be completed 
and t h a t  t h e  r e s u l t s  be re turned  t o  t h e  agency/organization. 
This a u d i t  i s  u s e f u l  i n  checking both computer programs 
manual methods o f  d a t a  process ing .  
8 . 2  Systems Audit  

review of t h e  t o t a l  measurement system (sample c o l l e c t i o n ,  
A systems a u d i t  is  an on - s i t e  q u a l i t a t i v e  in spec t ion  

and 

and 
d a t a  

processing,  e t c . ) .  I n i t i a l l y ,  a systems a u d i t  i s  recommended f o r  
each enforcement source t e s t ,  def ined here  as  a series of  t h r e e  
runs a t  one source .  A f t e r  t he  t e s t  team ga ins  experience w i t h  
t h e  method, t h e  frequency of a u d i t  may be reduced--once f o r  every  
four  t e s t s .  

The a u d i t o r  should have ex tens ive  background experience i n  
source sampling, s p e c i f i c a l l y  with t h e  measurement system be ing  
audi ted .  The func t ions  of t h e  a u d i t o r  a r e  summarized i n  t h e  
following: 

1. Inform t h e  t e s t i n g  team of t h e  r e s u l t s  of p r e t e s t  
a u d i t s ,  s p e c i f y i n g  any a r e a ( s )  t h a t  need s p e c i a l  a t t e n t i o n  o r  
improvement. 

2.  Observe procedures and techniques o f  t h e  f i e l d  team 
during sample c o l l e c t i o n .  

3 .  Check/verify records  of  apparatus  c a l i b r a t i o n  checks 
from previous source  t e s t s ,  where app l i cab le .  

4 .  Record t h e  r e s u l t s  of t h e  a u d i t  and forward them wi th  
comments t o  the team management so  t h a t  appropr ia te  c o r r e c t i v e  
a c t i o n  may be i n i t i a t e d .  

While on s i t e ,  the aud i to r  observes t h e  source t e s t  team's  

1. Determining stack dimensions and s e l e c t i n g  t h e  number 
o v e r a l l  performance inc luding  the  following s p e c i f i c  ope ra t ions  : \ 

and p o s i t i o n  of t r a v e r s e  p o i n t s .  
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2. Checking t h e  geometry c r i t e r i a  i n  t h e  f i e l d  us ing  t h e  

3 .  Marking the  p i t o t  tube to ensure measurements at t he  

4. Checking for cyclonic  flow. 
5. Aligning t h e  p i t o t  tube p rope r ly  along i t s  r o l l  and 

6 .  Clear ing t h e  p i t o t  tube f r e q u e n t l y  when measuring in a 

Leak checking the  sample appara tus .  

devices descr ibed i n  t h e  c a l i b r a t i o n  s e c t i o n .  

c o r r e c t  t r a v e r s e  p o i n t s .  

p i t c h  axes throughout t h e  v e l o c i t y  t r a v e r s e .  

dust-laden gas .  
7 .  
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Yes 
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J 

< - / ,  

J' 

J 
J 
J 
J 
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r/ 

/' 
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J 

J 

d 

r// 
J 

No Operation 

1. 
2. 

3 .  

4. 

5 .  
6. 
7 .  

8 .  

9 .  

10 .  

11. 
12. 

13. 

14. 

15.  
16. 
17. 

Presampling preparation 
Knowledge of process conditions 
Calibration of pertinent equipment prior 
to each field tests 

On-site measurements 
Pitot tube meets geometry requirements 
Manometer should be carefully leveled and 
the liquid column set exactly on zero 
Check for cyclonic flow 
Leak check after sample run 
Sampling port adequately plugged 
Process at correct operating level 
Pitot tube properly aligned along its 
roll and pitch axes throughout the 
traverse 
Pitot tube frequently cleared when 
measuring in a dust-laden gas 
Manometer has the correct sensitivity 
Staying at each traverse point long enough 
f o r  the system to stabilize 
Measuring the stack gas static pressure 
and temperature 

Postsampling 
All information recorded on data form as 
obtained 
Any unusual conditions recorded 
Independent check of calculations 
Temperature sensor calibrated 

Figure 8.1 Stack gas velocity and volumetric f low rate 
determination checklist to be used by a u d i t o r .  
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~ Expla in  t o  
team i t s  de-  
v i a t i o n s  from 
recommended 
t e c h n i q u e s ,  
and n o t e  on 
F i g  8 .1  

Table 8 .1  ACTIVITY MATRIX FOR AUDITING PROCEDURE 

Audit  

Data p r o c e s s i n g  
e r r o r s  

Systems 
a u d i t  

Acceptance l i m i t s  

O r i g i n a l  and check 
c a l c u l ~ a t i o n s  a g r e e  
w i t h i n  roundoff  e r r o r  

~- ~- 

O p e r a t i o n  t e c h n i q u e  
d e s c r i b e d  i n  t h i s  s e c -  
t i o n  of t h e  Handbook 

I 
Frequency and method 

of measurement 

Act ion i f  
requi rements  
a r e  n o t  met 

Once d u r i n g  e v e r y  
enforcement  source  
t e s t ,  perform inde-  
pendent  c a l c u l a t i o n s ,  
s t a r t i n g  w i t h  re- 
corded d a t a  

Once d u r i n g  every  
enforcement  t e s t  
u n t i l  exper ience  
g a i n e d ;  t h e n  every  
f o u r t h  t e s t ;  ob- 
s e r v a t i o n  o f  t e c h -  
n i q u e ,  a s s i s t e d  by 
a u d i t  c h e c k l i s t ,  
F i g  8 .1  

~- 

Check and 
c o r r e c t  a l l  
d a t a  f o r  t h e  
source  t e s t  

I 
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 
To achieve data of desired quality, two considerations are 

necessary: (1) the measurement process must be in a state of 
statistical control at the time of the measurement, and (2) the 
systematic errors, when combined with the random variation 
(errors of measurement), must result in a small uncertainty. 

To ensure good quality data, it is necessary to perform 
quality control checks and independent audits of the measurement 
process; to document these checks and audits by recording the 
results, as appropriate; and to use materials, instruments, and 
measurement procedures that can be traced to an appropriate 
standard of reference. 

Working calibration standards should be traceable to 
standards that are considered to be primary. Two primary 
standards recommended for establishing traceability are: 

1. Calibrate pitot tubes against a standard pitot tube 
with a known coefficient obtained from the National Bureau of 
Standards or standard measurement which has been shown to have 
given acceptable coefficients. 

2. Compare the stack temperature sensor to an ASTM re- 
ference thermometer. 
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10. o REFERENCE METHOD* 

-L 
* 
Taken from the Federal Register, Vol. 42, No. 160--Thursday, 
August 18, 1977, pp.41758-41768. 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.
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TEMPERATUR€ SENSOR 

TYPE S PITOT TUBE 

MANOMETER 

'S U G C EST € D (I N.TE R F E R E  N C E F R € E) 
PITOT TUBE * THERMOCOUPLE SPACING 

Figure 2-1. Type S pitot tube manometer assembly. 
2 1  Type 8 Pitot Tube. The Type 8 ltot tuba 

(Fi'gure 2-1) shall bo made of melal tubing 8 8. +n- 
less ateel). It Is recommended that the extomil iubmg 
dlameter (dimension Da Flgure 2-2b) be between 0.48 
and 0.95 centlmeters (416 and Vi Inch). There shall be 
an equal distance from tbe base of each leg of the pitot 
t u b  l o  its face-o nlng plane (dimensions PA and Ps, 
Flgure 2-2b)' It ffrewmmended that this dlmnce be 
between 1.05 k d  I 50 tlmea thearter& tubing dlameter. 
The face openings'of the pltot Lube shall preferably be 
sUgned as shown In Flgure 2-2 however, hkhL rnis6l;gn- 
menu of the oDenlngs are o ~ l s s l b l e  (see birdre 2-31. 

The Type 9 pltot tube stall have a known w?laClent. 
determined QI outllned In BectIon 4. An IdenlTksrIon 
number ahall be assigned to the pitot tube; this number 
shdl be etmanently markcd or engraved on the M Y  
of the d o .  

FEDERAL REGISTER, VOL. 42, NO. 16GT#URSDAY,  AUGUST 18, 1977 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.
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A-SIDE PLANE 
J 

4 
* 4 

LONGITUDINAL Q Dt A 
TUBE AXIS 8 

I-SIDE PLANE 

(bl . 

Figure 2-2. Properly constructed Type S pitot t.ube, shown 
in: (a) end view; face opening p!anes perpendicular to trans- 
verse axis; (b) top view; face opening planes parallel to lon- 
gitudinal axis; ( c )  side view; both legs of equal length and 
centerlines coincident, when viewed from both sides. Base- 
line coef f ic ient  values of 0.84 may be assigned to pitot t u b e s  
constructed this way. 

FEDERAL RCGI:Tt4, VOt. 42, NO. 1 6 b T H V R S D A Y ,  AUGUST 18, .19T7 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.



TRANSVERSE 
TUBE AXIS 

LONGITUDINAL 
TUBE AXIS- 

Figure 2-3. Types of faceopening misalignment that can result from field use or itn- 
proper ccnstruction of Type S pitot tubes. These wili not affect the baseline value 
cf Cp(s1 so long as a1 and a2 < loo, 01 and 02 '< 5O. t < 0.32 cm (1/8 in.) and w <' 
0.G8 cm (1/32 in.] (citation 11 in Section 6). 

HDERAL REGISTER, VOL. 42, NO, 16@-THURSDAY, AUGUST 18, 1977 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.



41762 

A standard pltot tube ma7 be d lncbad of a Type 8 

8nd 4.0; no& hoverer. that the tlatfo and Im 
pmmm bolas of standard ltot tubca am susccpt lbrd 
plugging In partlculat~l&n gm streams. Therefore 
whenrver n arandard pltot lube b uacd to Prform 
(hverscl. adequate proof mfut be furnlsliad that the 
opednps of ihr pitot tubc hnvr not plumed op durlng the 
~ V Q I U Q .  riod: this cbn be done by bking n veioolLy 
hssd (Apcfadlng at the final trarorse int. cleaning out 
tbc Impact and otntlc holm of the s tangrd p h t  Lnbe by 
"back-purgInp" with preasurlrrd alr end then la 
molhrr A rrsdlftg II the Ap readinis rnsde b c f o r S 3  
aftcr thc a[ purgc &e the Mme ( t6 percent) the trsvmo 
Is Urcptahle. Otlienrire, rrject the run. Ndte that If Ap 
at the find trsvrrse polnt Is nnaultsbly low. another 

nb ma be sa1ecte.d If "beck- wing" at w l a r  !%$eb% taken M almd for the Lst two I d  
purgea at nhlch rullabfy hlgh Ap'rcldlng~ M observed. 
2.2 DlUerontW Prewre Oau e. An lnclln& manom- 

eter or tqolmlent derlee LI d. Most tsmpling trnlm 
M equipped with a I U n .  (water'oolamn) lncllned- 
rertlcai manamate? h a w  0 01-In Ha0 dIvIdons on the 
0 to 1-In. Inolined &, and 6.1-h: Ha0 dIaSions on the 
1- to 1010. v&lcnl nale Thla typa ol manometar Q 
othct gauge of equlrdent' sensitl@ty) Ir &lsfSclOV I, 
the msasumment of A vduea w low M 13 mm (0 .0 In.) ~ a .  ~ o w e r s r  n d'mntial  prsamrs w . g e  of greater 
ransltldty shad be used subject to the approval of the 
AdmintshstOr) if MY oi tbe bllowlng Is rOand to be 
true' (I) the uIihmeffc average of dl A p  resdln nt the 
ba&e points In the SheL b lurs than 1.8 mm 8.W in.) 
Hro. (2) lor travenwd of 12 or more polnta mom than 10 
&nt of the Indlvidml Ap readings am below 1.8 mm 
(0.00 h.) Ha: (3) br tmvsrses of few= than 12 
momth.nansApred & belmI.8mm (OWh?! !a  
Clutbn 18 hr Section I%acribes comxnerclahy avklabld 
instnunentation Ior the mcmsumman t of low-rangq g M  

Provided that It mmtr the ¶ P d f i ~ t l O M  Of 8eollOM 2.i 

of the procedure tten oamparatlre A 

RULES AND REGULATIONS 

m t m e  9.We new3 not be attached to the pltot tow 
thL thrnatire i s  rubJect to the approval of thi 
AdmlnlsM(or. 

approval of the Admlnbtrator. 
2.7 Callbretlon Pltot Tube. When EaYbraUon of the 

8 plto; tube Is necessary (sse SectJon 4) a StaDdard 
@tot tube Is used M a referenos The s d d a r d  Plbt 
t U b e l h a l l , ~ b l y ,  bareakno&ooemclenlobWned 
slthst (1) tly from the Natlonsl Bureau of Btand- 
udr. Route m,O, Qulnce Orchard Boed, Quthmburg. 

1 

IjmIleliluYtbenssd. - 
NOZL.-I~ di(lersnt!nl prsssura SWISS other than 

hdlned manomem cue nssd (e mwnehelic gwBes). 
thdr calibrntlon most be checkekfter each test wries. 
To check the calibration of a dldwe.UUal pressure gauge, 
oompare A p  readings of the gauge with t h a e  of a gauge- 
oU manometer st 8 mlnimum of thrw poluts approrl- 
mrtelp representing the range of A p  values In h e  stack. 
If at each poht  the values of Ap w read by the differen- dl e(csure g&ge and gaugeoil manometer fmee to 
w i t 9  5 percent the dlfferentlal pregure g w e  s M 1  be 
e4ddrred to bd In proper calibratlon. O t b e r w k  the 
ttst serlen shall elther be voided or procedures to s4lUet 
the measured Ap valuea and a h  result4 shall be Wed, 
mbject to the approval of the AdminhtRkT. 
2.3 Tampemlure Gauge. A tberm&ouple, Uqnld- 

tllled bulb tlicnoometer bimetallic thermometer mer- 
cury-in-glasp thermomeiex or other gauge ee bte of 
mtsauring temperature to h l n  1.5 nt  of tK mlnf- 
mum absolute 8 m k  tempcramre s E b e  used. The 
bmpvnture gauge shall be attached to the pltot tube 
such that the sensor tip does not touch any metal: the 
CSUCC "hdl €m In an lntcrf~rancn-frec arrsncement with 

'1J 
: fl 
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Maryland. or 0 hicaUbmtIon wdnsr-xhcrstsndard 
pltot tube r l t h  an NBSvaccable ->*nt. Alter- 
MtiVelJ. a standard pltot tube d e w &  rcordinr to 
the crltrrls ploen In 22.1 throuph 2.73 S:7 and i l l w  
tratad In Finurc 2-( (see a!% Citatk.t 7 .  E. and 17 13 
Bectlon 6) ma9 be uwd. Pkot tubes d e . 4  accord;nr 
to t h m  spcclficaUom wt! have bast.!xe .anfTiclenu 0: 
about O.WM.01. 

2.7.1 llenrlspbcrlcd (shown In FigurrM!.clllpsci~lL 
nr ~ n l ~ i l  tln 

Up and the static pr6bwre ~ O ! Q S .  
2.7.3 A mlnlmum of d r h l  dlarnrvrr rJ-rglght run 

hatween the antic prrsrurc holes and L'E. crntcrdne d 
the W n a l  t u h .  follow-lnc the M) dwre  .wzd. 

2.7.4 fitaiic presurr Iioks or equnl S I ~  ~:.:aoxirnatcl~ 
0.1 U) iinlly spncnl In a plrromiQrrri*.: r.;ofipumuon 

2.7.d%lncty dcyree Lend. wlcL n;?d cr mltercd 

t b o  
t 

CURVED OR 
.MITERED JUNCTION 

. .  

I .  

Figure 2-4.- Standard pitot tube design specifications. 

3. Procedure 
8 1  Eat u the apparatus as shown in Fig& 2-1. 

Caplllary &ing or e tanks Installed betwean the 
manometer nnd pltot% may be used to dampon A p  
tluctuatioas It Is recommended but not required that 
a pretest l&eheck ha conduc&d m follows: (1)'bloa 
through the pitat impact open1,ng'untiI at leist 7.6 om 
(a in.) € l a 0  veloclty pressure registers on the manometer. 
then. close off the lmoact openlng. The pr=sum shall 

norneter lcvel and ZCKO may drift diie lo r%..ions and: 
temperature changes make periodic ch+! euring the 
traverse. Hocord all'neceauy data 8 s  5x571 in the 
example data 6llWL (Figure 2-5). - a.a Mesure the velocity hP-& and t e m y e x r e  at lha 
traverse points swified by 3fcthod 1. E-c? that the  
proper diUercntia1 prassure gaupe Is beirz i=;IFd lor t he  
range of Ap valuer encountered (We &X-i,z 23.  If I1 i9 
-ry to change to a =ore sensitive p g a .  Co so. arid 
rememum the A p  and temperalure read!.%= % e+h Irm- 

. 
___o_ _ _  ... _- ...... 
resgect to,the p!mt tube face openings (G-Figura 2-1 . .ram& Stable for at l& 16 Liecunds; (2) do lhe same lor versepotat. Conductapost-LeSt 1aakchEer .--ndatorg). 
an dso Flgure 2 7 In Section 4). Altornato ~ I l I o n s  m y  the 8tstlc preeaure dde. except using suction to oburln as described In Section 3.1 above, to val;cirr i.x Lravem 
be. used 11 the pitot tub-tfmpuaturc awe  mt+?rn is the mIZlnlmnm of 7.6 cm (a In )  HrO. Other leaktheck run 
calibrated according to the prooedura of6eetton 4: Pro- proCenurea subject to thsapprovalolthe Administrator: 84, Mexsure the static pr-e In t t  ~ . S i k .  One 
rfded that a diUarenoa of nor more than 1 prcent in the may be us&. 
average velocity measureruent la Inhoduced, the tam- 

IS ususlly sdequate. 
eterrniiie the atmospheric pressck %.2 -Level and %era the menometar. %beawlhe  ma- ?dl% 
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Figure 2-5. Velocity traverse data 
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raloemny or mag not be vsUd for a w n  aocmbly. The 
basebe and aplembly coeffidcct alll k identical 
only when the mhtlve pl-cnt of the mmpments In 
the -blr b sucb that srrodYnsmle inlrrference 
effecls are ellmhted. Figurns 2-6 through 28 UIustmte 
inte?ference-trea mponent arrangemenu kr Type 8 

ibt  tubes having external hlhlnp dinmevn between 8. 48 8nd 0 . 9 6 ~ ~  (%a and )s in.).TywS pltottnbesssem- 
blla that [all Lo meet M or all of lhe apedieations of 
Flgures 2-8 through 2-8 s68l l  be dlhmted acccsdlng to 
the procadurs mfllned In &ccerlON 4.1.2 thrcagh 4.1.6 
below, and prlor (b calihrncian. the value8 d the Intar- 
oomponent 6 (pltot-nozzle pltobtbrrmcmu Ir 
pltotprobe &%?ahan ba m&ed and rsc0r8d: 

8 pltot tak laembly 
which h eanstrneted such that the I m w t  prawre o D 
h g  plOnS Of the pltot hrbe Ir below tb6 en- pbDe of& 
norrls (see FIgaps'Mb). 

4 1 2 Callbratloa Setup U tbe T 8 pltot hbe b to 
bs klbmted. one leg of &a tub d% be pamsnently 
marked A. m d  the other. S. CJlbrsUon ah31 be done h 
a flow 6gskm havlng the following sssantld deslgioo 
Iestares: 

Nm.-Do not nw MY 

SMPLI I G .NOZZLE 

I * 
A BOTTOM VIEW; SHOWING MINIMUM PITOFNOZZLE SEPARATION. 

STATIC PRESSURE 
OPENING PLANE -.- 

OPEWING PLAlllE 

-..11-.-.1- 

L SIDE VIEW; TO PREVENT PITOT TUBE 
FROM INTERFERING WITH GAS FLOW 
STREAMLINES AWROACHING THE 
NOZZLE, THE IMPACT PRESSURE 
OPENING PLAN€ OF THE PITOT TUBE 
SHALL BE EVEN WITH OR ABOVE THE 
NOZZLE ENTRY PLANE. 

Figure 2-6. Proper pitot tube - sampling nozzle configuration to pr&e'nt 
aerodynamic interference; buttonhook - type nozzle;. centers of nozzle 
and pitot opening aligned; Dt  between 8.48 and 0.95 cm (3/16 and 
318 in.). 

FEDERAL REGISTER, VOL 42, NO. 160-1HURSDAY. AUGUST 18. 1977 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.



Sect ion  No. .3.1.10 
Revision No. D.. 
Date January 15, 19g.O 
Page 8 of 11 ‘RULES AND REGULATIONS - 

. .  ’ .  
I I 

(3 i d  
THERMOCOUPLE , THERMOCOUPLE 

t >i.& cm (3/4 in.1 - 
TYPESPITOT TUBE _ .  na 

TYPE s PITOT TueE 
“I. I 

i 
I 

Figure 2-7. Proper thermocouple placement to prevent interference; 
Dt between 0.48 and 0.95 cm (3A6 and 3/8 in.). 

I 
I 

ot ’ .  TYPE S PITOT TUBE 
- - I  

-I 
1 
I 

I 
I - Y 27.62 em ( 3 i d  ’ - 

1 
0 

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference; 
Dt between 0.48 and 0.95 crn (3/16 and 318 in,). 
4.1.2.1 The Oowlng gas stream must be mnflnsd to 8 

duct of dellnib cross-eeclional ares, elther clrcular or 
rectangular For clrnJar croru-e-cctlons the dnimum 
duct diamdter shall be 306 cm (12 In.$ for r w t ~ l y b r  
cm-BCCtIons. $he nld th  (shorter side) shall bs at efut 
25.4 em (10 in.). 

4.1.2.2 The cro.wsectlonaI, arm of the calibration duct 
must be constant over a dlstanca of 10 or more duct 
diameters For a rectsngiilar cross-sectlon use an eqiilva- 
lent dianyeter. calculated from the follohlng equation. 
lodeterniirie the riiimhcr of duct diameters: 

l<qitation 2-1 
wlivre: 

J).=l3(iiicnl~~nt dianlrler 
1.- I.cll%h 
W=\\’idlh 
To enWre the ~ T C P E I ~ C Q  of stal~lv, liillr developed flow 

paltorus at the caliliration sito or “test Pection ” the  
site miiat he laatcd at 1rar;t e i d  diuneters down;trfam 
and two diainctors iipstrcnin kern ihe nearest disturh- 
OIICBS. 

FV’OTE.-TIIR eight- and twodiaiiictcr criteria are not 
nbsolule other test section lowtioris may be used (sub- 
jcd to aiqmval of tlio Adnilnisr~ntor). provided that (he 
llow nt the t a t  site is stahle aud demonstrubly parallel 
to the duct axis. 
4.1.2.3 The flow FTstnm shall have the enpacity to 

geric‘rale a lesf-section velwilg nround GI5 nr!min (3.W 

ft,Mn) This velocity must be constant with t i m e  C 
guaraniee steady now durln eallbration Nola that 
T y  8 itot tu~mff ldentso%ts ined  by aingl4velWlt7 
c&atPon at 015 rnhlliu (S,Mx, ft/min) Kill g e n d p  be 
vaUd to within f3 percant for thr measurement d 
velocities above 3% m h d n  (1 OOO ftlmin) and to withip 
f6 to 6 perccnt for the mcakxement of velwlties b e  
tween 180 and 305 mfnlln (so0 and I OOO Wmio). If a 
more recise conelatlon betu-een C,‘ and velocity is 
d e s l r d  the flow system shall have the capaolt~ to 
generate a t  least lour disrlnct time-inrarjmt tst-section 
voloclties covering the relwitg range from 180 to 1.535 
mhnin (e00 to 3,000 ft/miI!). and calibration data shall 
IM taken nt regular velocrtp Intervals ovar this range 
(see Citatlons 9 and 14 in Sextion 6 far detalls). 

4.1.2.4 TWO entry ports. one each for the siand,ud 
and Type S pitot tubes. shall be cut in the test seclion; 
the standnrd pitot oiiLry port shall be loeslsd sllglltly 
downstreom of the Type 8 port 50 that the staidard 
aiid Type 8 impact opeiilngs s i 6  lie in the snme oro59- 
scclioiial plane duriiig calibrarion. To lt+I!tate align- 
iiient of the pitot tnbcs duriiig cnlibrarion. it IS advisable 
that tho test swlion bo coiisiructed of plcnglas or same 
olher ~reiispsrcnt material. 

4.1.2 Calibration l’roeedure. Note that th+ roccdure 
h a general one and ~1~91.1 io t  used witgout !&st 
referring to the s p ~ c l d  considcmrlons pressilted In See 
lion 4.1.5. Noro n1.w that Lhis procedure applies only to 
singlo-vrlocily calibration. To  obtain calibralion data 
for the h and U sides 01 tho Type 5 pirot tube, prweud 
8.5 follows: 

4.1.3 I Make sure that the manometer is properly 
Blled &d tlial the oil is lreo lroin contluuiiiationand Isof 
the prol!er dwsilv. Inrpect and kakd?wk 011 I)ilol lillcs; 
repair or rcplnce il nwcsrary. 

4 1 3 2 lave1 and ?are tha manornetef W n  on ila 
h’kd aUov the flow to s t a b h  Peal & !I- 9 enlr? 

e . 3 . 3  Ensom tbat the U18nometa h Lml m d  L n g C  
Position the 6tandard pllot tube at the dibretion poc: 
(detarmioed 8s outlined in Sation 4 . 1 6 3 .  m d  allgn L?A 
tube so tbat ita ti Ia pointed dlreetly lnro &e Row Pa-- 
t f c~arcsresh~gbetaLenin~ lgn lnerbemk t o b a d  
yaw and pitoh an las. Nate nure thPr the envy pa: 
surrounding t h  tuL is row1 .Ua~cd. 

4.1.3.4 Read Alhtd 8U! reC-3r8!tsVab2+ U data tat> 
simlnr to the one shown In Figure 2+. Remove ljc 
standnrd pitot tube from the duct and &-nee1 it fro2 
the nianomerer. Seal the standard entr? pon. 

4.1.3.5. Conuecl the Tppe 8 pltor tube IO rbe m a n m  
eter. Open the Tx S euttry port. CL-k ~ \ e  msnon- 
eter levd and zcro. Esert and align the T- S pitot luh 
50 that iW A eide impact opening is at tbr m e  win1 Y 
was llia standard pltOt tube aud is pffiwd directly ~ L I J  
the llow. Make sure that the eutry p r r  w o u n d i n g  c* 
tube Is pruperl valed. 

4.1.3.6 Hearfip. and enter its value IL t t c  data tat:% 
Remove the T y  )o 8 pltot tube from Cx duct and L- 
wiilicct i t  from t i e  mauometer. 

4.1.3.7 Repent ste s 4.1.3.3 through 4.12.5 above ur~d 
three pairs of Ap reagngs have been o b a l w d .  

4.1.3.8 Rereat steps 4.1,3.3 through 4.1.3.7 abovr rU 
the U side of  I he Type S pltot Nbe. 

4.1.3.9 Perform calculations, 8s d e s z : t d  in 6wL-n 

4.1.4 CalcUlaliOUS. 
4.1.4.1 For each of the six airs of :p riadings CLc, 

three &om dde  h and thred Eom side B) oblalntd rn 
Secr.ioa 4.1.3 above, cdculate the ~ a l c ~  cl the T r p  5 
pitot tube cotdicicirt ns lulloas: 

4.1.4 h 1 O W .  
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I "  

PiT'OT TUBE IDENTIFICATIOM NUMBER: DATE: . 

I I I i 

CALIBRATED BY:-' 

3 

2 

3 

(SIDE A) 
I I 

"6" SIDE CALIBRATION I 

1 1 . 1  I I I :  
2 

3 

Figure 2-9. Pitot tube calibration dgta. 
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4.1.4.3 Calculate the dLviation of each of the three A- 
lddevalueeof C,C.I horn C, (sldr-A.).andtbedeviationol 
sach B-dde vdue of C,c,) korc C, (slde B). Use the fol- 
loalng egustion: 

Dcvintion=Cp:.:-~p,(A or B) 
Equation 2-3 

4.1.4.4 Calccilatc u,  the awrage deviation from the 
mean, for bolh tho A and B sidcs of Lhe pitot tube. Use 
the Iollowlng equatiori: 

Equntion 2-4 
4.1.4.5 Usc the Type 6 pitot tube only 11 the values of - (side A) and u bidc U) are less than or equal to 0.01 

and if tho absolute value of tlie diflerence betwecn c, 
(A) and ?, (I3) is 0.01 or less. 

4.1.5 Spccisl considemtion_.. 
4.1.6.1 Beleclion of calibration point. 
4.1.5.1.1 Whcn an isolated T ~ p e  9 pllot IuLr Is call- 

bratcd select a d ibra t ion  point at or near the cpntcr of 
the du6t and follow the rocedurcs outlined m Ewtiom 
4.1.3 and 4.1.4 above. Ti% TFW s pitot Cocficienta 50 

obtalnod. l.e..??, (slde A) and F, (side B), will be vnlId, 
60 long 85 either: ( 1 )  the isoL:ed pimt tube is used; or 
(2) the pltot tube Is used with otiicr c p p o n e n t s  (nozzle, 
thermocouple samplc probe! in anarrangcment that IS 
bee from &dynamic in td i rence  efliecta (sce Figures 
2-8 throuah 2-8). 

4.1.S.i.i F o r  arsemhlies vith sample probes, the 
ealibratlon point should be located at or nmr the cantex 
of the duct; however, insertion of a probe slrcath In@ a 
wall duct may cause signiGcant cros-scctiond are8 
blockagearid yield incorrect cwmcient values (Citatlon 0 
in Section 6). Therefore, to minimize the blockage effect. 
the calibration point m y  be a few lnchea ofl-cenrcr if 
necpssary. The BcWal blockage effect will 5 ncgligible 
when the theoretical block-e BS determined by a 
projected-area model of tlie prod sheaLh. is 2 pexcpnt or 
s o l  theduetcrosr-sectional arealorassembliosvithout 

external sheaths (Flgure 2-l(h) and a percent or less for 
P(Uemb1iBs with external shes& (Figure 2-lob). 

used for Isokinctic sampling 8t velocities around 915 
m / d n  (3,000 ft/rnin), which h the  eallbratlon velocity; 
note also that I t  is not n e c e s q  10 draw an Isokinetic 
samplcduring calibration (see Citation lOin fiec~ion6). 

4.1.6.3 For a probe assembly eonstruoted such that 
ltdpltot tubslsalwaysusedin tbesameorienlation,onlp 
one side of the pltot tube need be d l b r a t c d  (the aide 
which will faca the flow). The pitot tubemuststillmeet 
I be~ignmentsPociflcationsof Fiwre 2-2or2-3. however. 
and must have an average deviation (u) value of 0.01 or 
lass (see SccLion4.1.4.4). 
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ESTIMATED [ - 1  x w  ] SHEATH' - x 10.0 
BLOCKAGE AREA 

Figure 2-10. Projected-area m.odels for typical pitot tube assemblies. 
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1 2 . 0  DATA FORMS 

Blank da ta  forms a r e  provided on the  following pages f o r  the  
convenience o f  t h e  Handbook u s e r .  Many of these  forms a r e  taken 
o r  adapted from EPA forms, Reference 1, and o ther  re ferences .  N o  
documentation is  given on these forms a s  it would d e t r a c t  from 
t h e i r  usefulness .  The t i t l e s  a r e  a l so  placed a t  t h e  top of t he  
f igu re  as  is  customary f o r  a da ta  form. In order  t o  r e l a t e  the  
form t o  t he  t e x t ,  a form number i s  given i n  t h e  lower right-hand 
corner ,  e . g . ,  Form M 2  - 2.5, ind ica tes  t h a t  t h e  form is  
Figure 2 .5 ,  t h e  f i f t h  f igure  i n  Section 3.1.2,  of t he  w r i t t e n  
descr ip t ion  f o r  Method 2 (M2) .  Future rev is ions  of these  forms, 
i f  any, can be documented by 2.5A, 2 . 5 B ,  e tc .  Seven of t h e  da ta  
forms l i s t e d  below a re  included i n  t h i s  s ec t ion .  Four a r e  in t he  
Method Highlights subsection a s  shown by the  ( M H )  following the  
form number. 

Form 
1 . 2  
1 . 7  
2 . 5  

2 . 1 0  
2 . 1 2  

3 .1  (MH) 
3 . 2  (MH) 

4.1 
4.2 ( M H )  
5 . 1  ( M H )  
8.1 

T i t l e  
Example of a Procurement Log 
Type S P i t o t  Tube Inspection Data Form 
P i t o t  Tube 'Cal ibrat ion Data 
Stack Temperature Sensor Cal ibra t ion  Data Form 
D i f f e r e n t i a l  Pressure Gauge Cal ibra t ion  Data Form 
Pretest  Sampling Checks 
P r e t e s t  Preparat ions 
Method 2 Gas Velocity and Volume Data Form 
On-Site Measurements Checklist  
P o s t t e s t  Sampling Checks 
Stack Gas Velocity and Volumet r i c  Flow Rate 
Determination Checklist  t o  be Used by Auditor 
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TYPE S PITOT TUBE INSPECTION DATA FORM 

P i t o t  tube assembly l e v e l ?  Yes no 

P i t o t  t u b e  openings damaged? yes ( exp la in  below) no 

O (<loo), - 
‘‘2 - 

- fb - 0 

Y =  O @ =  O )  A = crn ( i n . )  

z = A s i n y =  c m  ( i n . ) ;  (0 .32 c m  (<1/8 i n . ) ,  

w = A s i n O =  c m  ( i n . ) ;  C.08 c m  (<1/32 i n . )  

c m  ( i n . )  Pb c m  ( i n . )  

c m  ( i n . )  - Dt - -- 

Comments : 

Cal ib ra t ion  r equ i r ed?  Yes no 
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PITOT TUBE CALIBRATION DATA 

-- C a l i b r a t i o n  p i t o t  t ube :  type s i z e  ( O D )  I D  number 

T y p e  S p i t o t  t u b e  I D  number 

Ca l ib ra t ion :  date  performed by 

- - 
cP ( s t d  ) 

I--.-- - 
A-Side C a l i b r a t i o n  

i Ave~zF--j-- ---t---- 
B-Side C a l i b r a t i o n  

- (must  be 50.01) 
P ( S )  P’ 

C 

- ( B )  = (must be - (0.01). P 
Quality Assurance Handbook M2-2.5 





STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date Thermocouple number 

Ambient temperature OC Barometric pressure in. Hg 

Calibrator Reference: mercury-in-glass .. 

Reference 
pointa 
number 

b Source 
(specify) 

Reference 
thermometer 
temperature, 

OC 

other 

Thermocouple 
potentiometer 
temperature, 

OC 

Every 3OoC (50OF) for each reference point. a 

bType of calibration system used. 
-.r 

Temperaturec 
difference, 

% 

1 

L[(ref temp, OC + 273) - (test thermom temp, OC + 273)j,10011.5%. 
ref temp, *C + 273 

Quality Assurance Handbook M2-2.10 





DIFFERENTIAL PRESSUM GAUGE CALIBRATION DATA FORM 

Gauge type S e r i a l  o r  ID number 

Scale 

I I D i f f e r e n t i a l  pressure 
Gauge-oil mano. meter Ap I gauge AP- 

I 

Pressure 
d i f f e rence  

% 

Calibrat ion:  i n i t i a l  posttest 

Date ca l ib ra t ed  by 

Quality Assurance Handbook M2-2.12 
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METHOD 2 GAS\VELOCITY AIfD VOLUME DATA FORM 

< 

Sampling l o c a t i o n  Clock 
time 

Run d a t e  

I I I I  

Run 
number 

-. - 
Amb. t emp . ,  Bar. p r e s s . ,  S t a t i c  p r e s s . ,  

Operator  O F  i n .  Hg in. H20 
-_ 

.Yo 1 e c ul a r 
w t .  

S t ack  i n s i d e  dimension,  i n .  P i t o t  
Diam. of s i d e  1 s i d e  2 t u b e  (C ) 

P 
i 

I 

[ F i e l d  d a t a  

V e l o c i t y  

T ~ ~ ~ ~ ~ s e  Posi;!on, 1 i ~ ~ ~ ~ &  1 S t a c k  temp.,  
number OF 

Ap a t  0' which y i e l d s  
r e f e r e n c e  a n u l l  Ap 

I --+----- 

I I I I _.- 

- 
I I I I I 

Average ang le  (a>a 1 
a Average of  0: must be <10 degrees  t o  be  a c c e p t a b l e .  
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STACK GAS VELOCITY AND VOLUMETRIC FLOW RATE 
DETERMINATION CHECKLIST TO BE USED BY AUDITOR 

Yes No Operation 

Presampling preparation 
1. 
2. 

3. 
4. 

5 .  

6. 

7 .  
8. 

9. 

10. 

11. 
12. 

13. 

14. 

15. 
16. 
17. 

Knowledge of process conditions 
Calibration of pertinent equipment prior 
to each f i e l d  tests 

On-site measurements 
Pitot tube meets geometry requirements 
Manometer should be carefully leveled and 
the liquid column set exactly on zero 
Check for cyclonic flow 
Leak check after sample run 
Sampling port adequately plugged 
Process at correct operating level 
Pitot tube properly aligned along its 
roll and pitch axes throughout the 
t rave r s e 
Pitot tube frequently cleared when 
measuring in a dust-laden gas 
Manometer has the correct sensitivity 
Staying at each traverse point long enough 
for the system to stabilize 
Measuring the s t ack  gas static pressure 
and temperature 

Postsamplinq 
All information recorded on data form as 
obtained 
Any unusual conditions recorded 
Independent check of calculations 
Temperature sensor calibrated 

COMMENTS 
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